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PREFACE

) HIS little book is designed to provide an easy and
pleasant introduction to the study of the sky.

It is written in the form of a ‘talk,” and spread
over its pages are many illustrations, largely from
actual photographs. The author hopes that young
people, by reading the text and poring over the
pretures, will be led to an intimate acquaintance
) with the heavenly bodies.

The subject is approached from the obscrvational side. The
reader is taken out in the open air, and hiy attention is directed
to the various phenomena to be seen upon the dome of the
sky which arches over him.

From the phenomena observed, by a simple and logical line
of reasoning, the observer is led to realize the true meaning of
the things he sees, and to understand why astronomers believe
that the earth rotates upon an axis and at the same time
revolves about the sun. It is shown how easily we can be
deceived, and why we must exercise our reasoning power in
order to decide what theorics to accept or reject.

The development of our fundamental ideas regarding the
general structure of the universe is unfolded in Part 1. A
certain effort of continuous thought is required to follow it,
but the author thinks the effort is well worth while, and indeed
is almost essential to a proper comprehension of the great
universe. Moreover, it is quite within the power of the older
pupils in primary schools, to say nothing of those farther on
in their mental development.

Parts II and III deal, at some length, with the earth, the
sun, the moon, the planets, the stars, and the other heavenly
bodies. Any section of any chapter may be read by itself, and
it will be found ful] of interesting facts.

The successive matters discussed are arranged in a definite
connected sequence, so that the whole has a certain complete-
ness about it ; but the author wishes to say that this work has
not been prepared with the intention that it should be used as
)
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a formal course of study. His chief object has been to give a
olear and vivid picture of our great universe, so that his readers
will actually see—with the eyc of the mind—our family of
planets revolving about the sun, and the myriads of celestial
bodies, those other suns, existing far out in the depths of space.
His aim is to excite the wonder of young people, to fire their
imaginations, and to convey to them some notion of the majesty,
the mystery, and the sublimity of it all.

Those who know nothing of the world of nature about them
or of the heavens above them miss many of the intellectual
and spiritual pleasures of life.

Above the doorways of many ancient Egyptian temples was
carved a winged sun. This directed attention to the beneficent
Ruler of the Day, and also suggested the hope that those who
entered might have their minds so illuminated that they would
be able to comprehend the mysteries of life here and hereafter.

The author would humbly express the hope that all who
seek to enter the Temple of Astronomy by way of the chapters
which follow may reccive mental enlightenment, and may also
develop an increased reverence for the wonderful works of the
great Ruler of the universe.

Let knowledge grow from more to more,
But more of reverence in us dwell.

C.A.C.
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PART 1
THE CELESTIAL SPHERE AND ITS MOTIONS

CHAPTER T
THE (ELESTIAL SPHERE

The Sphere formed by the Sky

= E'T' us go out into the open air and look around us.

O Ji,\"li We seem to be standing upon a level plain,

” [ at the centre of a great hemisphere formed by

! 4 |the overarching sky. It is not casy to get a

Ipcrfect view of this hemisphere if one is in the

midst of a city, since the houses obstruct our

|viow; but when we are out in the open fields or

—lon a wide expanse of water the full hemisphere
of the sky is clearly seen.

One question naturally arises : Does the sky form only the
half-sphere, or is there another half below our level plain and
thus hidden from us ?

As we continue in our study of the sky we shall be led to
think that it really forms an entire sphere, one half being above
our level plain, the other half below. This is shown in Fig. 1.
Here we see a person at the centre of a level horizontal plain.
Over him the sky forms a hemisphere, and under him, but
unseen by him, it forms another hemisphere.

This sphere formed by the sky is called the celestial sphere.

Taurus

The Daily Motion of the Sun

Suppose the time is nine o’clock in the morning. The sky is
blue, perhaps with white clouds, and in the south-east we see
a very bright object which we call the sun. It looks, up there
among the clouds, like a round disc on the inner surface of the
sky.

We know that it always rises in the east—although very few
of us ever see it come up from beneath our horizontal plain !—

1
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that it moves upward and westward, and that it reaches its
highest position in the south at noon. We see it then continuc
to move to the west, and, gradually getting lower in the sky,
we see it sink in the evening below the western horizon. In
Fig. 2 we see the sun, first as its upper edge just appears above

Fic 1 THE (CELESTIAL SPHERE

The observer 15 at the centte of 4 horizontal plam, with the sky forming
a hemisphere over him.

Drawn by F. 8. Smuth

the eastern horizon, then in ils position at noon, and then just
as it is disappearing below the western horizon.

Here is another question. Does the sun move along the sky,
or is it fastened upon it, so that the sun and the sky must move
together ? Did you ever think about that ?

The Daily Motion of the Moon

At night the scene is changed. The sky is dark blue, almost
black, in colour ; and on it are numerous bright dots which we
call stars. Some are quite brilliant, while many are faint and
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can be seen ohly by looking carefully for them. Groups of
these stars seem to form triangles, squares, a plough, and other
figures. We shall examine some of them more closely a little
later.

Probably the moon can also be seen in one of its many shapes,
or ‘ phases,’ as they are called. Suppose it is round like the

W “
W A B ot
ot

Fic 2 ToE CELESTIAL SPHERE

To the observer at the centie the sun appears to rise 1n the cast, to move upward
and westward, reaching 1ts highest point at noon, and then to move over and set 1n

the west. Drawnby F 8 Smvh

sun—in which case it is said to be ¢ full —and we see it over
in the east, near the horizon. Let us watch 1its behaviour.
We find that it continually moves over to the west, and dis-
appears below the western horizon just as the sun does.

deed, whatever the moon’s shape may be, if we closely
observe it we shall see it move over and set in the west.

The Daily Motion of the Stars

Let us watch the stars also. Perhaps there are three of them
forming a triangle low down in the east, and several arranged
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in a straight line in the west.  In the north we scee the seven
stars known in England as the Plough, in America as the
Dipper.  They form a part of the Great Bear constellation. On
an autumn evening the Plough appears right side up.

An hour or two later let us look at these stars again. Those
in the cast are much higher, those in the west are much lower
—or perhaps have disappeared altogether—while the Plough, or
Dipper, has turned so as to rest partly upon its handle.

Fia. 3 A Scevk v QUELN S PARk, ToroNio  Dayiiear Vikw

The photogiaph w s taken m wimnter, ftom a window m the Provineial Parhiament
Buildings, looking noith west.

Tt obviously looks as though the entire sky, carrying the sun,
the moon, and all the stars, 15 in motion, turning steadily from
cast to west, and making a complete revolution in one day !

Photographs by Day and by Night

Now a good way to study the motion of a bright object is by
photography. Here is a photograph of a familiar scene in
Toronto, taken on a winter afternoon (Fig. 3). The camera
was placed on the window-sill in an upper story of the Provincial
Parliament Buildings, facing the north-west. Through the leaf-
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less oak-trees you can see Hart House, of the University of
Toronto, and just to the right of it is one of the small domes
of Trmity College. There are two motor-cars coming south,
while three persons are walking over the snow. As the motors
seem to be standing still the exposure must have been only a
very short one—a small fraction of a second.

Neat let us look at a photograph (Fig. 4) which was taken at
night with the same camera in the same position, the exposure

Fic 4+ A SCrdbw N QUEkN S PARK, ToroN1O —N1GHT View

For this photogruph tho camera was placed, at 8 P M., 1n the samo position as for
the photogiaph shown m Fig. 3, but tho exposure wus one of five minutes.

being one of five minutes. You see the electric lights along
the road and also the lighted windows of the buildings. The
road itself appears bright, but where are the cars ! As a
matter of fact, therc were many of them coming along the
road. The headlights of each car as it moved forward made
two curved streaks of light on the plate, and there were so
many cars and so many bright streaks that at last the whole
road seemed to be lighted. If you look closely you will see
the lights of a single car as it turned outward to pass a car
ahead of it. Also the trails from two or three cars can be
seen as they turned to their left to go eastward.



26 OUR WONDERFUL UNIVERSE

After this, with the camera in the same position, a picture
was taken with an exposure of twenty minutes, and here it is
(Fig. 5). You can now sce the trees and the buildings. The
many cars which have come along have left trails of light which
show the roads very clearly. Notice also the trails of several

F16. 5. A ScENE IN QUEEN’S PARK, TORONTO—NIGHT VIEW, LONGER EXPOSURE

For this photograph the exposure yva; twenty minutes, and much more detail
is shown.

cars which turned outward to pass others, and the trail of a car
which came from the left and went directly eastward.

Photographs of the Stars

Now let us experiment with the stars.

If you face the north and raise your eyes about forty-five
degrees or a little more (depending on your latitude) you see
the Pole Star, with other stars about it. In Fig. 6 is a map of
the stars as they are seen about 9 .M. on November 1. The
Pole Star is at the centre. It is at the end of the tail of the
Little Bear. In America this constellation is often called the
Little Dipper, though it is not so well shaped as the other one.

Next we shall try to photograph them. Choosing a place
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where the sky to the north is not very bright, we mount the
camera on a window-sill or other solid base, and tilt it upward
so that it is directed toward the Pole Star. Having focused
the camera for a great distance, we open the shutter and expose
for a long time—several hours if possible. Fig. 7 shows the
kind of picture we get. 1t was taken from a city window with

Fi6. 6. TuE POLE STAR WITH THE STARS ABOUT IT

This chart includes stars within 30° of the pole of the sky. The Pole Star is at the
centre, and the brightest star seen at the bottom 1s one of the pownters in the side of

the Plough or Dipper.

an ordinary camera, the exposure being one of about two
hours. You see a large number of trails, each one being
produced by a star. You notice, too, that they are all arcs,
or portions, of circles having a common centre.

From our photograph we are led to think that the stars in
the north are moving in circles round a common centre, and
we should expect the length of the trails they make to be
proportional to thé length of the exposure. The heavy trail
near the centre 'was produced by the Pole Star. Notice that
this star is not exactly at the centre of the circles, though it is

near to that point.
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Fia 7. CIRCUMPOLAR STARS

Puorocrarn

This photograph was tihen with an ordinary
vumera, which was placed on a window «ill
posure, two hours. The ecntie of the circles s the
north celestial pole.  Lhe brght trail near 1t was

made by the Pole Star.

long enough this time.
This is what we get
(Fig. 9). Thc camera
with  which  this
picture was taken
was a very ordinary
one. Indeed, any
person can take such
pictures.  Try the
experiment,.

All the Stars
describe Circles

Let us look closely
into this picture.

Near the middle
are three parallel
trails which seem
to be quite straight.
These were made by

Of course, somewhat
better pictures can be
taken with a camera
made specially for sky
photographs. Here is
a photograph taken at
the Lick Observatory
in California (Fig. 8).
As you see, the expo-
sure was a long one.
How long was it ? At
what season do you
think the picture was
taken ¢

Returning to our
own photographic ex-
periments, next turn
the camera to the
south, tilt it up about
45°, or a little less,
and make another ex-
posure. An hour is

Fra. 8. CIRCUMPOLAR STARS

For this picture an expovure of twelve hours
was given on o long winter night.

Iack Observatory photograph
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the three stars in the Belt of Orion. As perhaps you know,
Orion is one of the glorious winter constellations. Above is
a trail curving upward. 1t was made by the famous red star
named Betelgeuse. A short
distance below the centre is a
bright trail which was made by
the star Rigel, while near the
bottom is the trail made by Sirius,
the Dog Star, which is the
brightest star in the sky and
hence makes a very bright trail.
Note that the trails of Rigel and
Sirius curve downward. These
trails, as well as that of Betel-
geuse, are arcs of circles. As
nearly as we can see, then, the
stars in the Belt describe straight
lines while the others describe
circles.

Now how can we explain all
this ?

It is quite easy. The entire
sphere formed by the sky, to-

. . F1a. 9. EQUATORIAL STARS
gether with the stars, which Amnnu% PHOTOGRAPH
seem to be fastened upon lt» For this picture the camera (an

appears to turn about an aXis, otdinaryone)was tilted upward about
45°, faung south. Exposure, one

and thus evcrx star describes a hour. The three trails at the centro
circle. The axis passes through were made by tho stars m the Bolt

the common centre of the circles °f 2"

which we saw in the photographs of the polar stars (Figs. 7
and 8) and also through the common centre of the circles
described by the stars in the Southern Hemisphere, which we
cannot sec.

The point in the north is called the north pole of the sky, or
the north celestial pole ; that at the south is the south pole
of the sky, or the south celestial pole. Thesc are shown in the
diagram (Fig. 10).

The Pole Star is near, but not exactly at, the north celestial
pole ; there is no star near the south celestial pole. Midway
between these poles is the equator of the sky, or the celestial
equator.

From our observations and experiments, then, it appears that
the sun, the moon, and the stars are attached on the inner surface
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of the celestial sphere, which turns about an axis, carrying
all these bodies with it and making a complete rotation in one
day. This would explain why the sun, moon, and stars rise in
the east, cross the sky, and set in the west.

Does the Sky really move ?

But beware now! Stop and think!
Is it really the fact that the sun, the moon, and all the stars

F1a 10 THE CELESTIAL SPHERE, SHOWING THE NORTH AND
SoutH CELESTIAL POLES

The sky appears to rotate about an axis which passes through the celestial
poles, and the celestial equator 13 half-way between them.

Drawn by F. 8 Smith

in the sky revolve about the earth once a day? They certainly
appear to do so, and the people of ancient times believed that
they actually did. Are we deceived? Is there any other way
to account for what we saw? Yes, there is.

All this time we have been assuming that the earth on which
we live is fixed in place and at rest ; but how would the sun
and the stars appear to behave if we were in motion while they
were at rest ?
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Suppose you wish to take a railway journey. You go down
to the station and take your seat in the passenger train. There
is another train near by, and as you look out of your window
you see it begin to move—or at least appear to do so. For
some time you may not be sure whether it is your train or the
other one which is moving, and you may perhaps have to look
at the wheels of the other train to see if they are turning. 1t
looks as if the other train was going backward, but you find out
that your train 1s going forward while the other 1s standing still.

Fia 11. A CAMERA AND A FLASHLAMP ARRANGED FOR EXPERIMENTS

The flashlamp may be rotated while the camera 18 at rest, or the camera may be
rotated while the flashlamp 1s at rest.

It is just the same with the earth and the stars. 1t looks to
us as if the sky, carrying the stars, is moving from east to west ;
but things would look just the same if the stars were standing
still and the earth was turning in the opposite direction—that
is, from west,to east.

How are we going to tell whether it is the earth or the sky
which moves?

Experiment with a Camera and a Flashlamp

In Fig. 11 is shown an apparatus with which we can make
some interesting experiments. At the left-hand end of a board
is a flashlamp (A) mounted on a wooden arm (B), which can be
made to revolve by turning the crank C. Thus, if the crank is
turned the bright little light of the flashlamp will describe a
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circle. On the other end of the board is mounted a camera,
which also can be rotated—by the crank 1.

The following experiment can be performed. The apparatus
is taken into a darkened room, and, first of all, while the camera
is at rest the crank C is turned, making the flashlamp describe
a circle. You would expect the picture made by the camera to
be simply a bright circle. Next the flashlamp is kept fixed, and
the camera is rotated by turning the crank D.

What is the result ¢ The two pictures are shown in Fig. 12.
Each is a circle, and you cannot distinguish onc from the other !

Fia. 12. REsuLTs oF THE EXPERIMENTS : Two CIRCLES
EXACTLY ALIKE

One circle was obtained by rotating the flashlamp, the other by rotating
the camera, shown 1n the last picture.

So it is with the stars and the carth. You cannot say whether
the stars actually describe circles or the camera rotates as it is
carried by the earth.

How can we find out, then, which moves ? There are several
experiments which have been devised to test whether the earth
rotates, but they are all rather difficult to perform. Perhaps
the best known is that in which a special kind of pendulum is
used ; but the gyroscope and the experiment in which bodies
are dropped from a great height also have been tried. All
these experiments are described in more advanced books on
astronomy.

The Gyro-compass shows that the Earth rotates

One of the most useful things on an ocean-going ship is the
compass. Without it the captain could not find his way to
whatever port he wishes to make. In recent years the ordinary
magnetic compass has been to some extent displaced by wghat
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is known as the gyro-compass. Indeed, in a submarine this is
the only kind of compass which can be used, since a magnetic
compass is useless if it is completely surrounded by iron.

A photograph of the mechanism of a gyro-compass is shown
in Fig. 13, while the compass in its case on board ship is shown
in Fig. 14, The chief part of it ix a heavy wheel which can be

Fra. 13. THi MECHANISY OF A ({YRO-COMPASS

This instrument idieates true north and <outh, and 1t would not do this
1t the earth did not rotate.

Photograph from the Sperru Gyroscope ( o

made to rotate very rapidly. Of course, it has to be very care-
fully balanced, or the apparatus would be quickly shaken
to picces. The wheel is enclosed in the case (A), and in the
type of instrument shown in the picture it is 12 inches in
diameter, weighs 45 pounds, and rotates 8600 times a minute.
In some other types the number of rotations per minute is
nearly twice as great, but the wheels are not so large and heavy.

o
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The wheel and its case are mounted in a very delicate and
accurate way. Now this wheel, as it spins about, always moves
until its axis is in the north-south direction—until the axis is in
the meridian plane, as
the astronomer says.
The graduated cirele
above is  connected
with the case, and
fiom it the officer in
charge can learn ex-
actly mwhat dnection
the ship is heading at
any time,

Now 1f the carth
id not rotate on its
axis the gy ro-compass
would not move about
and  set atself as 1
does . and <o we have
good 1eason to beheve
that 1t 15 the eamrth
which turns, not the
stars  The axis about
which the carth turns
is the lme about
which the celestial
sphere seems to turn

Suppose you were
standing at the North
Pole of the earth.
where  would the
north celestial pole
be 7 Right overhead.

Fic 14 A GYRO (OMPASS 1N ITS BINNACLE The Cause of Day
The 10 compass In 1ts protecting case 18 1 a :
place cﬁx‘elm utp for the navigating officer to read and nght
1t. Sometiumes the mamn com uiss c;onuols soveral Thus we arec con-
th arts of the <hip. .
auxihary dials i other paits { P vinced that the carth

Photograph fiom the Sperry Gyroscope Co A : " ’
o is rotating on its axis,

turning from west to east. It is this motion which causes day

and night. ) ] )
Suppose it is night-time. The sky is dark—there is no sun
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to give us light. The earth continues to turn on its axis, until
at last we see the sky becoming rosy in the east. Then the sun
itself appears to be rising at the eastern horizon. It is the
earth which has turned about and brought us so that we can
sec the sun.

Then as the earth turns farther the sun appears to get higher
in the sky, until it rcaches our meridian and it is noon. The
earth continues to turn from west to east, and the sun appears
to move westward, getting lower and lower in the sky until at
last it disappears below the western horizon. We say that the
sun has set.

We kuow, however, that the people who live west of us on
the carth are still enjoying the sun’s light and heat, while for
those on the very opposite side of the earth from us the sun is
rising. In the words of the well-known hymn,

The sun, that nds us rest. is waking
Our brethren 'neath the western sky



CHAPTER IT
THE MOTION OF THE SUN AND THE MOON IN THE SKY

The Path of the Moon among the Stars

OW let us give xome attention to the moon.  As
we have already observed, it rises and sets like
the sun: but it will be interesting to find out if
it stays in the same place in the sky while the
latter is turning round each day—or, as it is more
accurate to speak so, while the earth is rotating
Gemini on its axis.

We can easily do this by watching where the
moon is among the stars night after night.

You know that you can see the moon and the stars at the
same time, and so we will make a map of the stars and care-
fully mark the position of the moon on it.  Here (Fig. 15) is a
chart of the sky which shows the position of the moon and its
shape on the evening of February 20, 1926, and on the six
following evenings. On the 20th it was near Aldebaran, the
brightest star in the constellation Taurus (the Bull), and from
the chart you can see how it moved through this constellation
and then through Gemini (the Twins) and Cancer (the Crab).

By continuing to chart the moon night after night we find
that all the time it is moving eastward, and that at the end of
a month it has moved completely round the sky and has come
back to the place among the stars where it began.

Let us stop a minute to ask if we are not deceived again.
Does the moon actually revolve about the earth 2 Yes, it does ;
and the time it requires to go completely round is called a
moon-th or, as we say, a month.

The Motion of the Sun in the Sky

Having settled the motion of the moon, let us investigate the
sun.
We wish te know if the sun stays at the same fixed place on
the sky as though it were nailed there.
3%
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In this case we are confronted with a difficulty, since the sun
is so bright that we cannot see it and the stars at the same time,
and therefore cannot draw a map to show where it is among
the stars day after day. We might even wonder if there are
stars in the sky around the sun at all.

However, the moon sometimes comes direetly in front of the
sun and shuts off its light. We say that the sun is totally
celipsed. At such a time the stars about the sun can be seen
and photographed. Also, if in the daytime a telescope is

Vi v v
— T T T

narioteer) * ° PERSEUS

- GEMINI Lo . .
(Twins} TAURUS

ECLIPTIC O ARRARENT par),
O —£

CANCER
(Crab)

CANIS
/ MINOR
(Lesser o
Dog)

F1a. 15. THE PATH OF THE M0ON AMONG THI NFARS
FLBRUARY 20-26, 1926

During this mterval the moon passed thiough the constellations Taurus,
Geminy, and Cancer, and al-o changed 1ts <shape.

pointed in exactly the right direction, one can see the stars.
Thus, we are sure that there are stars in all parts of the sky
all the time, but, as has been said above, the brightness of
the sun is so great that we cannot see just where it is among
them.

Now we know that the sun moves north and south in the sky.
In the winter it is much farther south than in the summer. This
is well illustrated in Fig. 16. In the centre is Stonehenge,
perhaps the most famous of ancient Eunglish monuments. It
stands on Salisbury Plain, in Wiltshire, and, it has been esti-
mated, was constructed about 3600 years ago. Many believe
that it was used in the performance of religious ceremonies.

There are many stones, some of great size, arranged in con-
centric circles. If you stand on the large, flat stone at the
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centre called the altar-stone, and look out between two great
upright stones and over the top of another upright stone called
the Friar's Heel some distance away (marked A in the picture),
you will face precisely that pomnt on the horizon in the north-
cast where the sun rises on June 21, the longest day of the
year. g 17, diawn from photographs, shows a company of

rOTION OF 1t Mipp,y 5

“UMMEg UN 1y

Fia 16 SIONLHENGT, SHOWING ('HANGE IV THE HulGilIT or THD
SUN WILH LIL SLASONS

‘Lhe stones were placed o as to idieate the ponts wheio the sun nises and sots on
June 21 and Deccmber 21 The sun at noon 1s much highct i summer than i winter.
The air photogiaphs from which this drawing was made wero obtaincd by couttosy

1
of du Chales Clos Draun by # S Snath from awr photographs

people gathered within the circle of the stones on the morning
of June 21 in order to see the sun rise behind the Friar’s Heel.
Another stone (marked B in Fig. 16), to the north-west, shows
the direction to look to see where the sun sets on that same
date. Again, if you look from the altar-stone toward a stone
(C) in the south-east direction you will face that point of the
horizon where the sun rises on December 21, the shortest day
in winter. It seems likely that the stones were placed in
these positions in order to show the place of the sun’s rising on
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the dates mentioned. The picture certainly shows how much
higher the sun is at noon in summer than in winter.
But does the sun also move castward among the stars, as

Fig. 17. VISITORS TO STONEHENGE WATCHING THE SUN RISE ON JUNE 21

Muny poople gather within the eirclo of stones to observe the sun as it rises from
behind the Friar’s Heel on June 21.

Drawn by F. 8. Smith from photographs by Mullins and others

the moon does ? Yes, it does. The astronomer has found a
way (which we cannot cxplain here) to locate its position among
the stars from day to day. The path of the sun among the
stars from May 15 to July 14 is shown in Fig. 18. During
these two months it moves through the constellations Taurus
and Gemini, and, of course, we cannot see the stars in those
constellations during these months.
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The Path of the Sun (the Ecliptic)

Let us follow the course of the sun through the seasons. On
March 21 it is on the celestial equator, and the days and nights
are equal. Then it moves north and always cast, daily getting
higher in the sky at noon, until June 21, when it is farthest
north of the celestial equator and the daylight is longest. This

. .
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Fi:. 18. Tiue PATH oF THE SUN AMONG THE STARS
May 15 ro Jiny 15

LEvery year duting May, June, and July the sun follows the same path through
Taurus and Gemint, The apparent path of the sun 1~ the echptie.

is the summer solstice. Then it turns and moves south, and,
always continuing eastward, it reaches the celestial equator
again on September 22. Then it goes on farther south, and,
of course, always cast, until December 21, when the daylight
is shortest. 'This is the winter solstice. It now turns about
and moves north, and, still going ecast, in the course of three
months it reaches the celestial equator again, on March 21.
This is the spring equinox, and once more the days and nights
are equal.

Thus half of the sun’s path is north of the equator, and half
is south.

The path which the sun follows in the sky is called the
ccliptic, and year after year the sun travels over exactly the
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same track. The length of the year 15 the exact time taken
by the sun to go completely 10und the echptic.  This path of
the sun, the echptic, is shown mn Fig. 19.

If onlv some kind fany would fly up to the shy and mark on
its surtace the path tollowed by the sun, and also the celestial
cquator, 1t would be a great convemence to people studying

v

Iie 19 Tur Crrrsial SEHLKRL, SHOWING (1St
EQt Aton a\ND luririn

Jhe cddestnad cquator s mudway bhetween the aolistial pole md the echiptie
which s the sun s ppuacnt pathan the sky dunmg the yonr s mdhined to st at ar

1
anglc ot 231 Droenby 1S Sinath

astionomy ! It cannot be done, however, and you must stir
up your magination, and, with the eye ot the mmd, see the
great sun up there in the sky ceasclessly moving forward day
after day and ycar after year along its appomted path.

The ancient Greeks represented Phoebus, the sun-god, as
driving the chariot of the snn ever onward among the stars.
His roadway was the ecliptic, and with great shill he always
drove his car exactly along it, never swerving to right or to
left. 1t is related that on one occasion his son Pheethon
begged to be allowed to drive the car, and, though Phoebus
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hesitated, he at last consented. The reckless youth drove
carclesslv, got off the road, and nearly buined up the earth.
Fig. 20 15 taken fiom an old book printed at Venice in 1482,
It 1epresents Sol (the Sun) in his chanot driving ns fiery horses.
Surely now you can picture to vourself the mighty sun
moving along 1ts path on the celestial sphere.

I'ie 20 Sor (1H1 SUN) DRIVIAG WIS ( HARIOL

Lhns fygmr f Sol duvins Jus chot drawn by four fiiry horses s from a1 book
prnted at Venico m 1482 by a noted punter nnmed Rudolt 1t was one of the first
boohs illustrate d with woodcuts among tham borg 1cpresentations of the constella-
tions —the ¢athest hknown  LThe namc ot the hook s Poclicon 1stronomecon ( 1stro
nomyan Versc), ind its wathor was Iyginus who washibranan to the Roman Limparor
Augustus (b3 B¢ A D 14) It was wrttenin Gre -

by courtesy of the 1brarian «f the U 'S v o Obseriatory

The Zodiac

Imagine a long ribbon 16° wide (that is, thirty-two times
the diameter of the sun) to be tacked on the celestial sphere
so that the ecliptic is precisely along the middle of it. This
is the zodiac. Within that belt of the sky the moon and the
planets are always to be found. From the earliest times the
zodiac has been considered to be divided into twelve equal
portions, each being 30° long and 16° wide. g, e are called
signs of the zodiac. Their names and the symbol8gsed to re-
present them are Aries (), Taurus (8 ), Gemini (11), Owncer (),
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Leo (R2), Virgo (W), Libra (=), Scorpio (W), Sagittarius (),
Capricornus (¥§), Aquarius (=), Pisces ()().

With a little study, using the star maps in Figs. 103, 105,
107, and 109, one ¢an learn the constellations which are along
the ecliptic, and thus be able to locate its position in the sky
at any time that the stars are visible.

You must remember that the annual motion of the sun
round the ccliptic is quite difierent from its apparent daily
motion, in which it scems to rise in the cast and set in the
west, giving us day and night.

The Sun’s Motion Apparent, not Real

But, after all, does the sun really travel round the shy in the
course of a year !

No, it does not! We have been deceived again! 1t is the
earth which actually moves about the sun, though it seems to
us that the sun iy moving about the carth.

In Fig. 21 you will see how this happens.  The earth actually
travels in an oval, or rather clliptical, path about the sun, as
shown hy the ellipse in the diagram.  When, on January 1, it
is at A the sun appears to be at ¢ in the ecliptic, among the
stars in the constellation Scorpio (the Scorpion). (‘onscquently
the stars in Scorpio and in other constellations in the same part
of the sky, such as Corona (the Crown) and Hercules, cannot
be seen at that time ; but When at that scason the earth, by
rotating on its axis, has brought us night we look in the opposite
part of the shy from where the sun is, and there see Taurus,
Orion, Perscus, and other winter constellations. .

Three months later, on April 1, the earth is at B, and the
sun appears to be at 6. Consequently we cannot see Cygnus
(the Swan), Pegasus (the Winged Horse), Aquila (the Eagle),*
since they are in the same part of the sky as the sun; but we
can see Leo (the Lion), Ursa Major (the Great Bear), and other
constellations which are in the opposite part of the sky. On
July 1 tho ecarth is at C, and the sun appears to be at ¢; on
October 1 the carth is at D and the sun appears to be at 4 ;
and then on January 1 the carth is back at A, and the sun
appears to be at « again.

Thus, while the carth actually moves in a little oval curve
about the suny the sun appears to describe a great circle in the
sky—the ecliptic, as you have already lcarned that this circle
is called.
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The Stars change with the Seasons

Fig. 21 shows why we see different stars at different scasons,
but, as it is very desirable that you should understand this
clearly, we shall consider the matter o little longer.
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At night the sky looks like a great, dark, spherical shell,
with the stars upon its inner surface. In Fig. 22 is shown an
attempt to represent the appearance of such a shell as seen by
a person viewing it from the outside.
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Notice that the stars are distributed over the entire surface,
bright ones and faint ones being seen in every quarter.

At the centre is the sun, and about it revolves the earth,
keeping its axis always pointed in the same direction. When

Fra. 22. THE STARS AND THE SEASONS

At might the <fars appear to be on the mner surface of a great dark <phere. This
preture 1s mtended to show such a sphere, made of transpaient material and seen from
the outside.  The sun 1w at 1t centre. with the earth revolving about 1t.

Draun by I'. 8. Smth

in position a it is winter in the northern hemisphere of the earth,
since the sun’s rays fall short of the North Pole, but reach
beyond the South Pole.

Now remember that you are upon the earth, and, let us say,
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in ‘the northern hemisphere. In the daytime, of course, you
will see the sun in the sky. Then, by the rotation of the earth
about its axis, night comes, and as you look around what stars
will you see ¢ Clearly those in that part of the sky marked A
in the picture.  The sun will appear to you to be in that
portion marked ', and the stars there will not be visible to
you.

) Three months later the earth will be at b, and it will be
spring-time in the northern hemisphere.  The stars seen during
the spring nights are those on the farther side of the sphere, on
the opposite side from the sun.

In another three months the carth will be at-~, and summer
will have come in the northern hemisphere.  During the summer
nights you will look out upon the stars in that part of the sky
about (', while those about A, being in the direction of the sun,
will not be visible.

Then three months Jater, during the autumn nights, the stars
to be seen will he those in that part of the sphere which is the
nearest to the person viewing it from the outside.

Thus the stars change with the seasons, though they are the
same at the same season year after vear.

Next consider those stars at the upper part of the picture
toward which the axis of the carth points—in other words,
those about the north celestial ‘pole. At all seasons a person
in the northern hemisphere will be able to see them, while a
person in the southern hemisphere will be able to see the stars
about the south celestial pole.

A View of the Universe

So we have been deceived twice, and we should learn the
lesson that things are not always what they seem.

Why were we deceived ?

It was because the earth moves so gently, without jolt or
jar, as it rotates on its axis and at the same time moves along
its path in space about the sun, that we do not feel that we
arc in motion at all. -

If we could only travel far up in space, entirely away from
the earth and the sun, then we should sce things as they really
are. We should then have an acroplane, or bird’s-eye, view
of the universe. Fig. 23 shows what we should see.™, Here
are two little celestial travellers who have been transported
far up in space toward the Pole Star, a very great distance—
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Fig 23, A Bmrp’s-EYE ViEwW OF THE UNIVFRSE
These hittle celestial t1avollers have wandered far, far off 1n space, toward the Pole
8ta1, and aro surveying the umiverse 7They sco out bught sun and the family of
planet« revolving ahout 1t ‘Lhey also observe two comets which have come out
of space to visrd the sun. The stais m their constellations, however, look just the
same as they did fiom the earth
Lraun by Henretta M, Hopper
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perhaps ten thousand million miles—and allowed to see our
wonderful universe from that place.

And what do they see ?

Far down below them, in the direction from which they
came, they see the solar system.  There is the sun, still very
bright, even though they are so far away from it. Then, as
they gaze steadily, they see a number of bodies moving about
the sun.  These are the planets, The travellers notice that
each of them looks like a bright, semicircular dise, and wonder
why. They =oon decide that the planets must he spherieal in
shape. that they are really dark bodies, and that only that
hemisphere which is turned toward the sun is lighted up and
thus made visible.

The travellers watch the planets closely, trving to count how
many there are and to observe how fast they move.

Nearest the sun is Mercury, It is the smallest of all, and
speeds along most rapidly.  Next is Venus, much larger than
Mercury but moving more slowly. The next is the earth. of
about the same size as Venus and travelling still more slowly .
Our travellers observe, also, that the carth is accompanied by
a round body which continually revolves about it. That is
our moon. The fourth planct is Mars. [t has a diameter only
about one half that of the earth, and it is accompanied by two
tiny moons.

Then there is a wide gap, and the fifth planet is Jupiter, by
far the largest of all. It has four large moons, and several
small ones which they ean hardly see.  The sixth member of
the family is Saturn. It also is large, though much smaller
than Jupiter. It possesses a wonderful set of rings and a
company of moons. After this comes the seventh member,
which is named Uranus, with four moons; and then follows
the eighth and last, Neptune, with one moon, travelling along
in its distant path—like a lone sheep with a single lamb ! Those
plancts which are far out from the sun move in their orbits more
slowly than do the planets nearer the sun.

The travellers see also two comets which have come out of
space toevisit the sun. They approach it, pass round it, and
then move off, probably never to return.

What could be more thrilling than to sec this great family
of planets move majestically along in their orbits while their
attendant moons continually revolve about them +.. if to pro-
tect them from any danger in the way ?

Turning their eyes from the family of the sun, the travellers
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survey the other objects in the sky. In every direction they
see the stars standing out there perfectly still, like great lamps
fixed out in the depths of space. To their surprise the travellers
recognize the very same constellations which they were familiar
with while upon the earth, and conclude that the stars must be
at immense distances.

Far over there is Orion and his wonderful helt, the Dog Star,
the Bull, the Milky Way, and all the rest !

It is a wonderful universe !



PART I1
THE SUN AND ITS SYSTEM

CHAPTER IIT
THE PLANETARY SYSTEM—THE EARTH

A Look at the Planetary System

T ET us now look more closely at some of the things
we have seen and learn something further about
them.

First of all let us consider the relative sizes of
the orbits of the eight planets. They are shown
in Fig. 24. Notice that there are four quite close
Cancer |[to the sun. These are the orbits of Mercury,
='Venus, the earth, and Mars. Then there is a wide
space, and b€yond this are the orbits of Jupiter, Saturn, Uranus,
and Neptune. Thus we can divide the planets into two groups
—those near the sun and those far away.

In the wide zone between the orbits of Mars and Jupiter
small bodies called planetoids or asteroids are to be found.
A large number have been discovered, the majgrity of them
being visible only through a great telescope.

Let us look at each group separately. Here arc the orbits of
the four inner planects (Fig. 25). Their distances from the sun
are approximately 36, 67, 93, and 142 millions of miles. TPer-
haps you can remember these numbers. The dots show the
position of the planets in their orbits every ten days. The place
of each planct on January 1, 1927, is also shown.

Next we have the orbits of the outer planets (Fig. 26). Their
distances from the sun are approximately 480, 880, 1780, and
2800 millions of miles. In the case of the orbits of Jupiter and
Saturn the dots show the positions of the planets at intervals of
one year, while for Uranus and Neptune the dots show the posi-
tions every ten years. As you see, these outer planets require
many years to make their circuits about the sun. Indeed, from
this diagram you can see how long each planet takes to go com-

0
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Fia. 24. RELATIVE S1zks oF THE ORBITS OF THE PLANETS

The orbits are drawn to seale  Noto that Mercury, Venus, the earth, and Mais uie
close to the sun. Then follows the wide zone of the planetoids o1 asteroids, and aiter
that are tho 1mmense orits of the gunt planets —Jupiter Satuin, Uianu-. and
Neptune. They all moven the same direction in their orluta.

pletely round its path—Jupiter twelve, Saturn twenty-nine and
a half, Uranus eighty-five, Neptune a hundred and, sixty-four
years,
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.

Each of the orbits shown mm Figs 25 and 26 looks curcular
shape  but the 1cal orhits travelled by the plancts are cllipses
Y ou know how to describe an dhipse (g 27)  You duve two
pins ino houd and over them put b loop of stuing Pat a

Fic 2> Tur Oriils ok 1HE INNER PrANT IS

Theothit M1 uy V nit thccuth v IMus 1 here diawn to cal lhar
posttions 1 h wi or Januuy 1 1127 anl it mtaavl of ten days

pencil 1 the loop and, keeping the stimg taut, move the peneil
over the paper Thc pomt wherc cach pm 15 put 15 called o
focus of the ellipse, and if the two pins are near together the
ellipse bccomes nearly a arcle

As a matter of fact, all the orbits arc nearly cucular

There 15 something else 1emathable about the orbits of the
planets  They are all very neaily in the same plane (Kig 28)
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Further, the planets all travel in the same direction along their
orbits.  There must surely he some reason for this.

In Fig. 29 the relative sizes of the sun and the planets are
given.  As you see, the four inner planets-- Mercury, Venus, the
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Fia. 26. Tup Orsres or THE OUrLR PLanwrs

These orbits are also 1 proper propertion, but on a ditferent seale trom the orbits
m Fig. 235, which are shown here m the hittle cireles at the eentie. The positions of
the planets are given tor Junuary 1, 1927, and also at vearly or ten-yearly mtervals,

carth, and Mars (shown at the bottom)—are small; while the
outer plancts—dJupiter, Saturn, Uranus, and Neptune (shown at
the top)—are large. Also, the sun is many times as large as all
the planets put together.

In Fig. 30 (p. 56) the relative masses, or weights, of these bodies
are shown. The great iron weight represents the sun, and the
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I 27 How 70 DEAW AN LLILISI

If the string 1s kopt taut the penal will describe i cllipse Lhe two pims are at
the foct of the cip ¢

Fic 28. THE ORBITS OF THE PLANETS IN THE SAME PLANE

This 15 a perspective viow of the planets as they revolve about the sun 1n planes
which are nearly coincident
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smaller ones below, the planets. As before, the masses of the
inner plancts are small, those of the outer ones much larger;

8, 2

SATURN

THE SUN

Fig. 29. RELATIVE SIZES OF THE SUN AND rHE PLANETS

The nner planets, shown at the bottom, aro relatively small.  The outcr planets,
at the top, are much larger. The sun 15 many tunes larger than all the plancts taken

together. Draun by F. 8. Smath

but the sun is so massive that if we could use up the material in
it to make plancts 746 sets could be formed out of it.

Having endeavoured to obtain a clear view of the sun’s family,
as a whole, let us next try to become better acquainted with the
different members. We shall begin with that planet on which
we live.
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The Earth

The earth is a great ball nearly 8000 miles in diameter  Five
hundred years ago it was commonly believed 1o he flat, and ‘we
still oceasionally come aeross people who argue that it is so.
There are, however, many observations which lead us to believe
that it is spherical in shape.

The first part of a sailing-ship which is nearing her port that a

s o o o
Mercury Mars Venus Earth  Uranus Neptune Saturn Jupliter

Frc. 30. RELATIVE MASSES OF THE SUN AMD THE PLANETS

The great on we ght represents the sun @ the hittle weights, the planets. There
15 enough matter i the sun to mahke nearly 750 such sets ot planets.

person on shore sees is the tip of the mainmast. In the case
of a steamship the smoke from the funnels will first be scen.
Next the sails or the funnels come into view, and finally the
body of the vessel (Fig. 31). This is precisely what we should
expect if the earth were round. If the carth were flat we
should see the great body of the ship first.

Again, for £200 or more you may buy a ticket which will
carry you completely round the carth. Such cruises are regularly
advertised. In the map (Fig. 32) is shown the route which is
frequently followed. English travellers would probably leave
from Southampton and go southward to Gibraltar. American
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tounists usually start ttom New Yotk and cross the Atlantic to
Gabraltar, perhaps caling at the Asotes Tslands on the way
Then all pass thiough the Mediterrancan Sea, the Sues (‘anal,
the Red Sea, and the Indian Ocean, to the East Indies and up

Fic 31 SHIPS AFEROACHING Pogrr

As 1atcd slhip approaches we fitst sec the tips of the moast thanthe suls and stly
the hull’ 1t the watar ware aflat plam we should soc the hull fist

Dreenbyl S Simth

to Japan, then across the Pacifie Ocean to Honolulu, and up
to Victorla m Bitish (olumbia.  After this theyv go down to
San Francisco, then continue along the west coast of North
Amectica, pass through the Panama Canal, and go up the east
coast to New York  From hete the English travellers will cross
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the Atlantic to their starting-point. To make such a pleasure
trip usually requires four months. However, by using railways
and acroplanes, as well as fast steamships, the time can be
much reduced.  Indeed, the earth has been circled (though not
by this route) in a little over twenty-eight and a half days, and
undoubtedly this time will soon be shortened.

The Pole Star rises as one goes North

Perhaps some of you have taken a trip to the northern portion
of your country and while there have looked for the Pole Star.
You found it higher than it appears at your home.

E3

vamorvis =
, UNITED 25,
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F1a. 32. A ('RUISE ROUND THE WORLD

A commou route followed by many travellers can be truced on this map.
Frequently some of the ports shown here are onutted.

Also some of you may have had the pleasure of going to the
Mediterrancan Sea or to Florida in the winter time. From there
the Pole Star was lower in the sky.

Indeed, we find that for every sixty-nine miles you travel
northward, whether on the ocean or on the land, the Pole Star
rises 1° in the sky, and if you could reach the North Pole of the
earth it would be right overhead.

In the same way for every sixty-nine miles you travel south-
ward the Pole Star sinks 1°, and when you get -to the earth’s
equator it is right down at the horizon and is hardly visible—
if you can see it at all.
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Now the carth must be practically a sphere, or the Pole Star
would not behave in this way. We cannot imagine any other
shape the earth could have which would cause the Pole Star to
increase and decrease in altitude as it does. Indeed, the as-
tronomer has measured the earth so accurately that he is able
to say that it is not an absolutely perfect sphere after all, but
that it is slightly flattened at the poles, the diameter from pole
to pole being about twenty-seven miles shorter than a diameter
at the cquator.!

There are other reasons for belicving that the earth is round.
The astronomer can compute all the circumstances of an eclipse
of the sun thousands of years in advance. He can tell us when
the eclipse will begin and when it will end, and what part of
the carth you must go to in order to see it.  Now he does this
on the assumption that the carth is spherical in shape. If it
were not his calculations would fail.

Surely then no one who considers the matter can doubt that
the earth is spherieal in form.

Reasons for believing that the carth is spinning on its axis
have already been given (p. 34), and we need not dwell on that
subject here.

1 The equatorial diameter iy 7926-68 miles, the polar diameter T899-98 miles.



(HAPTER IV
THE SUN AXD THE MOON

The Distance of the Sun from the Earth
EXT let us consider briefly our glorious sun.

There is no other body in the sky which can
compare with the sun in its importance to us. We
could live without the moon and the stars, but if

we were deprived of the sun's light and heat we
could not exist many days.

How far away is the sun ¢
" You will naturally wish to know how the dis-
tance from the carth to the sun is measured.  The method em-
ployed is similar to that used by a surveyor, or an explorer, in
finding the distance of an inacceessible object.

Suppose you are on one side of a river (Fig. 331). and wish
to determine the distance from you to a tree on the opposite
bank. You can do this, in an approximate way, if vou are
supplied with no other measuring instrument than a yard-stick.
You might proceed thus:

Obtain a ball of strong string and measure off 50 feet of
it. Drive a stake into the ground at A, and, 50 feel away,
drive another stake at B.  Drive a nail into the top of cach
stake so that the two nails are exactly 30 feel apart, and
stretch the string from one nail to the other. This is our base
line.

Now while you look from A toward the tree, ¢, get a friend
to drive in a stake at D, and put a nail in the top of it so that
A, D, and (* are in a straight line. Then, sighting from B
toward the tree, have a stake K driven in so that B, B, and C
are also in line.

Join the nails in A and D and also those in B and K with
stretched strings.  1f these strings were produced they would

1 On September 27, 1926, a landshde on the Dent du Midi range, near St Maurice,
in Switzerland, blocked the river Rhono for half a mile. The picture shows the
river in its new course. Atter months of labour a canal was dug through the
obstruction, and the river was turned into its old channcl.

60



THE SUN 61

meet at (O, and. along with the base line, would form a large
triangle, CAB.

We know the length of the base, AB. and wish to find the
length of the ides A(C* and B(.

Neat, hold a paper under the two strings at A and draw
lines on 1t preeisely under the stings. Do the same at B, The

.
g...-wd"":‘ :

Fre 33 Fivpineg tur Distanct achoss v Rivir

By the mcthod hown it 1 pos bl to find the dist ince waross the tver the only
me suning m tnghent usod bang viape hne

Prct grogh frome 1 Nnsteate w1

lines 8o drawn will give the angles at A and B—that is, the
angles at the base ot the triangle, CAB.

Our next task is to draw on a sheet ot paper, with great care,
a triangle of exactly the same shape as the triangle CAB.

First, draw the line MN (Fig. 34), to correspond to the base
line AB, and make it exactly 6 inches long. Then make the
angle NMO cqual to the angle BAC, and the angle MNO cqual
to the angle ABC. 'This must be done very carefully.

The small triangle, OMN, thus obtained is of the same shape
as &he large triangle, CAB, MO corresponding to AC and NO
to BC,
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Measure carefully MO and NO. Let us say that they are
19:2 and 18-6 inches respeetively.

Now AB, being 50 feet, is a hundred times as long as MN,
which is 6 in.  (‘onsequently A(* must be a hundred times MO

0 —that is, 1920 inches or 160 feet.
Similarly BC' is 1860 inches or 155
feet.

Of course, the surveyor uses in-
struments by which he can measure
lengths and angles exactly.  He takes
as long a base line as he can, and his
results are generally very aceurate—
his error sometimes being not greater
than one inch in ten miles.

Now the astronomer is the man
who surveys the celestial distances,
but when he tries to apply this
method to the measurement of the
sun’s distance he meets very great
difticulties, since he has to take his
base line on the carth, which is very
small compared to the sun’s distance.
But by using very delicate instru-
ments, exercising extraordinary care,
and repeating his observations over
and over again, he has at last sue-
ceeded in determining how far the sun
is from the earth.

M 6™ N\ It is approximately 93 million miles
Fie. 34, How rocatcurarann away.

Drstancy scross & Rivin Tt is hard to form any idea of this

Thiy trumgle 1~ of exactly the jypnenge  distance.  1f a  railway
same shape as that m Fye 13, . ¥
and 1f we know the length ot \B could be built from the carth to the
we cun compute the lengths of yy and a train could travel the
the other two sides. ’ . .

whole distance at the rate of a mile
a minute without stopping during the journey, it would require
175 years to make the journey—two long lifetimes !

192,!
w19 8l

The Size of the Sun

How large is the sun ? L
As soon as we know the distance of the sun it is easy t'o
determine its size, Perhaps you would like to know how it is
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done Fig 33 shows a boy and a girl making an expernment
to find out the diameter of the sun  The boyv has in his hand
a dimner plate 1 foot in diameter, which he 15 holding between
the girl’s eyes and the sun  First, when standing near the girl

T 35 How 10 1D 1THT SKZL o1 101 St

Thet yishollingup jht 1t tin diundta thatit ju tnde the unhrom
the gl ko wimgth dit no tthob vy frem b gl and al o the di tince of the
sum w e njpu th st tth unwiththat tth jlate

Jrentyl S S 0

he holds the plte up and 1t covers the sun and quite a it of
the <ky as well  He then moves faitha away trom the gul,
and at last whare he "now s, the plate just covers the sun By
means ot a long cord the distance trom the boy to the gnl s
found to be 107 tect

Y
¢
P
I e 3
A 107 B 107 D 107 F X

Fra 36 DIACRAM SHOWING HOW [0 CAICUTATKF THF SIZF OF THL SUA

Hore ABacpresent the distance of the boy ticm the gul and A\ the
distance of the sun

Now let us look at Fig 36 A represents where the gul's
eye 15, and XY, at the tar <ide, represents the sun, while BC
15 the plate, 107 feet away trom A, which just hides the sun.
1t 18 clear that if the <un was at DE, which 15 twice 107 feet
from A, and was just hudden by the plate, then the diameter
of the sun would be twice that of the plate, or just 2 feet If



64 OUR WONDERFUL UNIVERSE

it was three times 107 feet off—that is, at FG—and was just
covered, its diameter would be 3 feet. So you see that the
number of times the sun’s diameter is greater than that of the
plate is just the number of times the sun’s distance is greater
than 107.  Let us divide 107 feet into 93 million miles. Tt is
contained 4589 million times, and so the sun'’s diameter is
4589 million feet, which is the same as 869,000 miles. More
careful measurements make it 866,000 miles. 'That, then, is
the diameter of the sun.

The diameter of the carth ix 7918 miles, and by a sum in
long division we find that the sun’s diameter is nearly 110
times as great as the earth’s.

The sun, compared with the earth, is enormous.  If the sun
were represented by a foothall the earth would be the size of a
small pea !

The width of many of our city streets is 66 feet.  Suppose
we represent the sun by a great sphere 66 feet in diameter,
just filling the space where two such roads cross. The carth
would be represented by a ball 7 inches in diameter (the size of
an ordinary stove-pipe). 11 miles away.

Sun-spots and Faculae

If we look at the sun with the naked eye (always, of course,
through a dark glass) it appears simply as a great bright disce;
but with even a small telescope we see interesting features on
its surface.  Here is a photograph of the sun (Fig. 37). On
its dise there are some dark, irregularly shaped markings. which
are known as sun-spols. Note that the centre part of the spot
is darker than the outer portion. Notice also that some of the
spots are clustered together in groups, while others are by
themselves.  Sometimes these spots are so large that several
earths could be dropped into them without filling them up.

Just what causes these spots we do not know. You have
often heard of volcanoes belching forth fire and smoke and
ashes.  The earth’s crust cracks, and the hot molten material
within bursts out. Perhaps something like this happens on
the sun. The surface layer becomes weukened at some place,
cracks, and allows the fiercely hot matter within to explode
and shoot up far above the sun’s surface.

In the photograph you will notice that near the edge the
disc is darker. This shows that there is an atmosphere of
some sort on the sun, You remember, of course, that the sun
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is a great ball, and what looks to be its ‘ edge ’ is that portion
of the ball which curves away from us. Now light from that
portion passes through more of the sun’s atmosphere than
does the light from the centre of the dise, and so more of it is

F16. 37. Tue SuN, sHOwING Spors AND FacuLz

Notice the great group of spots, over 125,000 miles long, and the numerous other
spots. 'The fucule are the whitish areas seen round those spots which are near the
edge of the picture. Note also that the centre of the image is much brighter than the

outer portion. Lick Observatory photograph

g):t by absorption. For this reason the edge of the disc appears
rker. '
Notice also the bright blotches round the group of spots
near the edge. These are called facul® (a Latin word meaning
“little torches ’). They are mountains of flame which thrust

E
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their summits aboverthe absorbing atmosphere just as some
mountain pcaks on the ¢ uth sometimes prerce thiough a layver
of clouds

Fic 38 PuOTOGRAINS 01 1HE SUN ON NINF Stccissivk Davs

By comparing the positions « f the <pots day fter diy 1t becomes cvident that the
sun 1¢ rotating on an uxis nd trom the motions ot th sp ts the period ¢ be det 1
mined It 1s about twenty fivc davs  Ihe photograg hs were taken on Augu t 6 14
1893, at which tinc there wer many spots on the sun

1 <k Qbser atory 71 otographs

The Sun rotates on 1ts Axis

In Fig 38 are mine photographs of the sun, taken on successive
days Look at the large group of sun spots in the first photo-
graph, which was taken on August 6 We have learned that
the diameter of the sun 13 866 000 miles Now this group
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looks to be about one-tenth as long as the sun’s diameter, and
hence the group must be about 86,000 miles long. 1t is so
large that it conld be seen with the naked eye. Some groups,
however, are very much larger.

In the second photograph this group of spots is farther to
the right, and if you look for it in the succeeding photographs
you see that it moves steadily to the right. In No. 7, taken
on August 12, a trace of it can still be seen, but on the next
day it has disappeared completely.  Other spots behave in just
the vame way.

Now how do you explain this ¢ You say at once that the
sun must rotate on an axis. By observing the spots we can
learn where the axis is and how long it takes the sun to turn
completely round. It takes about twenty-five days.

The Mass of the Sun

Suppose we were able to take the material of which the sun
conxists and torm ecarths out of it.  How many do you think
we could make 2 There is enough to make 332.000.  We say
that the mass of the sun is 332,000 times the mass of the carth.
Turn back and look at Fig. 30 again.

It i< well to know, however, that a cubic foot of the sun
would not weigh as muceh as a cubie foot of earth. Indeed, a
cubie foot of water weighs 621 pounds; a cubice foot of sun
14 times as much as a cubie foot of water, or 87} pounds ;
while a cubie foot of carth weighs, on the average, 55 times as
much, or 3t pounds.

Sun-spots, Auroras, Magnetic Storms.

Other remavkable facts regarding the sun have been dis-
covered. It hax been found that sun-spots are more numerous
at some times than at others.  In some vears—it was the case
in 1923—scarcely a spot can be seen. Then the spots begin
to appear more frequently, and in about five years after the
time when they are very scarce they become so common that
the sun’s face is seldom free from these dark blotches. After
this they gradually fade away and again almost disappear.
This performance of fading away and appearing in full strength
again is repeated about nine times in one hundred years.

While these spots are appearing on the sun some strange
things are happening on the earth. When there are many
spots the magnetic needle suffers many disturbances, and we



68 OUR WONDERFUL UNIVERSE

are said to have magnetic storms. At the same time displays
of the aurora borealis, or northern lights, are common and
brilliant. Now why should these things, which scem to be
entirely different in nature, happen at the same time ? We
do not know ; it is still a great mystery.

Photosphere, Chromosphere, Prominences

The bright face of the sun which we see is called the photo-
sphere. 1t is so dazzling that we cannot sce anything which
may be near it in the sky, just as the brilliant headlights of a

Fra. 39. A PROMINENCE ON THE SUN—THE * HELIOSAURUS

Thie stiange Dohimg prominonce was visible at the time of the total eciipse of Juno 8,
1918, tho truch of which passed over the Umted States from Washington State to
Flonda. This picture was taken at Green River, Wyoming. The earth on the same
scule as the promimence 1s shown in the upper corner.

Photograph by } crkes Obseniatory pedition

car prevent you from seeing anything in their direction. There
might be some portion of the sun just outside the photosphere,
but our eyes are dazzled and we cannot see it. By means of
an instrument called the spectroscope, however, it is possible
to explore the edge of the sun’s disec, and we find some inter-
esting portions of the sun there.

The layer, or envelope, which overlays the photosphere is
called the chromosphere, and from it there rise some remark-
able shapes called prominences. They are usually crimson in
colour, and take fantastic shapes. There is much hydrogen
gas and calcium vapour in them. Some of these prominences
change very little during a weck, while others show rapid
motion. In Fig. 39 is shown a prominence which was photo-
graphed on June 8, 1918. It seems to take the shape of a
wild monster blowing fire from its nostrils. In order to illus-
trate this better an astronomer-artist has made a sketch of the
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fierce-looking animal, with the result shown in Fig 40. From
its peculiar shape this prominence has been named the ‘ Helio-
saurus,” which means the ‘‘ solar lizard.”” The circular spot
at the left (Fig. 39) shows the earth on the same scale.

In Fig. 41 are shown seven views of a prominence photo-
graphed on October 8, 1920. In the first view, taken at
9.32 A.M., it was 75,000 miles high; in the last (1.54 r.M.) it
was 300,000 miles high; and forty minutes later it reached

Fic 40 A Drawmg oF TugE “ Tlirrosatnis ™

The <hapo of the prommmence shown in Fig 39 suggested this sketeh of a fierce solar
monster hke the dinosaurs of ancient eras.  1he name means *¢ solar hzard.”

Drawn by R L. De Lury

517,000 miles, the greatest height ever recorded. In this case
also the prominence took fantastic shapes, No. 4 resembling a
dog.

These prominences can be seen with the naked eye during
a total cclipse of the sun. At such a time the moon comes
directly in front of the sun and shuts off the strong light of
the photosphere, and we are then able to see the fainter outer
portions of the sun.

The Sun’s Corona

The way an eclipse of the sun is produced is shown in Fig. 42.
Here are our little celestial travellers on a neighbouring planet,
watching how the eclipse occurs. The long, slender shadow
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cast by the moon streams down behind it, striking the carth,
and as the moon moves onward in its orbit this shadow trails
across the ecarth’s surface. (Think of the moon as coming
toward you as you look at the picture.) The strip of the
surface over which the shadow moves is called the shadow-
path, and if a person is within this path he will not be able to

Fra. 410 Sevesy Visws oF A (IkLal PrROVINENCE, OCToBLg 8, 1920

This remarhable prommence assumed varous fantastie shapes, one ot them ronghly
resembhing a dog.  Hence 1t is known as the ** Sun Dog.”  The carth on the scame seale
15 shown in the upper corner of the tirst photograph.

Photoqraphs by Pttt Yerles Obsrratory

see the sun during the time that the shadow is passing over
him—usually for two or three minutes.

One can see at such a time, in addition to the prominences,
a wonderful halo of pearly white light surrounding the sun.
This is called the sun’s corona (corona being the Latin word for
“crown ”’), and it is one of the most beautiful and impressive
of celestial spectacles. In Kig. 43 iy shown the corona as
photographed by the Canadian expedition to the north-west
coast of Australia to observe the total eclipse of September 21,
1922. The round, black object you see is the moon; the body
of the sun is directly behind it, hidden from our view.
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There is something remarkable about the shape of the corona.
1t changes with the number of spbts on the sun’s face. When
there are many spots the streamers of the corona scem to run
out from the sun’s surface in all directions ; but when the spots

Fig. 2. How Ax Ecnipsti ok THE SUN 1S PRODUCED

Tho two little travellers are observing, perhaps from an-
other planet, how an echipse of tho sun s produced. Asthe
moon revolves about the earth (comung out of the picture

B .{oward us) its shadow moves along a narrow path on the
oarth. If a person is within this path the sun will, for hun, be ontirely covered by
the moon during the passage of the <hadow over him.

Draun by Henrsetta M. Llopper

are fewer great streamers, or wings, go out from near the sun’s
equator, and only small ones from its polar regions. These
equatorial wings sometimes extend outward two or three times
the sun’s diameter—i.e., 1} to 2} million miles.

What the appearance would be, if we could sec the photo-
sphere, chromosphere, and corona of the sun all at the same
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Fia 43. Tue Sva’s Corona, SEPTEMBER 21, 1922
This photograph was taken by the Canadian Expedition to Austraha to observe the
echpse on this date. The observing station was at Wallal, in South latitude 20°, on
the north-west coast of Austraha.

time, is shown in Figs. 44 and 45. In the first one we are
shown the appearance when the spots are very scarce or
entirely absent; in the second, when they are numecrous.
Notice the shape of the corona in the two cases.
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Ancient Worship of the Sun

As the sun 1s the source of our light and heat, and 18 therefore
necessary for the existence of every living thing, 1t 18 not
surprising that many ancient people actually worshipped 1t

Tic 44 Tur SuN’s PHOTOSPHFRE, PROMINFNCES, AND CORONA
AT A SUN spor MINIMUM

1 his 18 & composite picture showing what the sun would look hike 1f 1ts pronnences
and gorona could be <een at the samo time as 1ts photosphere Lhe appearance varies
eonyiderably with the number of sun spots The view shown in this picture 18 that
when there are very few agots on the sun  Note the great wings of the corona, which
extend outward from the sun's equatorial belt a million milesormore There are some
prominences, but not many

Lhe photographs of the corona and prominences were taken by the Lick Observatory
Expedition, located in Georgia, on May 28, 1900 A photograph of the photosphere
on the same day was supphed by the Royal Observatory, Greenwich.

Drawn by F 8 Smuh from photographs
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Among these were the Egyptians In then mythology there
were as many as two thousand deities, the chief of whom was

Erc 45 Tur St s PaotosturRF, PROMINENCES, AND CORONA
AT A SUN S:OT MaxiMiM

1his 15 a composite prcture sumlar to the last one but exhibiting the wppuurance
whon tho spots wre numerous At that time the stroamers of the corona ¢xtond
outward most equally from all parts of the sun s surfacc and thcre ue many
prowmnences

Lhe photogiaphs of the corona and prominenccs were taken by the Lick Ob ervatory
Lixpedition to Chile on April 16, 1893 1he photosphere 14 from a Lich Obscivatory
photograph tahen on August 9, 1893

Drar nby F S Smuth from photographs

Ra, the sun-god. Different representations of this god are to
be found on the old monuments One form 1s shown in Fig 46.
He 13 pictured with the body of a man and the head of a hawk.
There 15 something impressive 1n the behaviour of the hawk
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At one time it darts downward like a lightning-flash, while at
another it soars gracefully on outstretched wings in the high

heavens.  Quite naturally it was associated o
with the sun, and was looked upon as sacred. 0

Upon his head Ra bears the solar disc,
about which is the wreus, or asp—a sign
of royalty in old Egvpt. In his right hand
is the ankh, which is the sign of life, and in
his left is the sceptre. the symbol of power.
Above the figure is the name of the god
written in hierogly phics, or picture-language.
A cirele with a dot within it (®) iy still used
by astronomers as a symbol for the sun.

What is the Sun made of ?

Though the sun is so far away astronomers
have found out what it is composed of.
This has been done by means of the spectro-
scope, the wonderful instrument which has
already be sntioned 68 i t6 Ry, 1HD
already been mentioned (p. 68). ) FOAPLIAN SUN GOD

And what do you think the sun is made .

. N . . Represontations of

of ¢ It is composed of iron, copper, zine, R the At sun god,

1 et Y . ‘ ’ e tound  on nany

sodium, calcium, hydrogen, and many other N0 (M ony.
substances which we find here on the earth. ments and temples.

Is not that remarkable { 'The sun and
the carth made of the very same materials! Surely they were
joined together in a single mass at a time in the far-distant
past.

The Moon —its Distance and Size

When we compare the sun and the moon up in the sky they
look to be of about the same size, and you may be surprised to
learn that the sun is actually 400 times as large as the moon.
It appears of about the same size because it 18 400 times as
far away.

The moon’s distance from the earth is, on the average,
239,000 miles. This is small compared to most of the distances
which we meet with in astronomy. An engine-driver taking
his train from London to Berwick or Toronto to Montreal
(330 miles) six times a week would travel as far as the moon
in two ycars, but to go as far as the sun would requirc 800
years.
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The moon’s diameter is 2160 miles, a little more than a
quarter that of the carth, and there is enough material in the
carth to make 81 moons. Their relative sizes are shown in
Fig. 47.

The Phases of the Moon

As we have already learned (p. 36), the moon revolves about
the earth. You must remember also that the moon is a dark
hody and can be seen only as it is lighted up by the sun. It

It 17 RiLArivh S1zes ofF THE EARTH AND THE Moon

The dinmeters ure 7918 mile s and 2160 nules— 1.c., they
are in the 1at10 of 100 27,

is on account of these two facts that the moon shows phases.
You must understand how they are produced, and the ex-
planation is casy.

In looking at Fig. 48 you must think of the sun as being far
off to the right. You see the rays coming from it. When they
fall upon the moon they illuminate onc-half of it, just as they
illuminate one-half of the earth or any other round body on
which they fall.

The moon revolves about the earth in the direction indicated
by the arrows. When it is at A in the line drawn from the
earth to the sun the bright face of the moon is turned from the
earth, and we cannot see it at all. When in this position the
moon is said to be new.

About three days later the moon reaches position B. A
person on the earth can now see a portion of the illuminated
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hemisphere of the moon, but not the whole of it. The part he
sees looks like a crescent, as shown in the diagram. The
moon is said to be three days old.

About four days later the moon arrives at C, and from the
earth we sce one-half of the illuminated face. 1t looks like a
bright half-circular disc. The moon has now travelled one-

FULL MOON E

LAST QUARTER

Fig. 48. llow THE PHASES OF THE MOON ARE PRODUCED

The sun 1> far away to the right. Its rays at all times illuminate one-hali of the
moon’s surface, and of this we see varying portions as it revolves about the earth. At
A we cannot see any of the bright hemisphere, at E we see 1t all, at C and G we see

half of 1t.

quarter of its orbit, counting from when it was new, and it is
said to be at its first quarter.

By the time the moon is ten days old it has reached D, and
its shape is said to be gibbous, which means “ swelling out.”
About two weeks after the moon is new it is found at E. From
the earth we see its entire bright hemisphere, and it is said to
be full. When it looks like this the moon, the earth, and the
sun are in line, the earth being between the other two bodies.
As the sun sets in the west the full moon rises in the east, and
at midnight it is on the meridian.

A week later the moon reaches G. Its shape is now semi-
circular again, and it is at its third or last quarter. In about
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one week's time, or after a month in all, 1t arrives at A once
more, and we have new moon again. The complete perform-
ance, from one new moon to the next. requires twenty-nine and

a half days
When the moon 1s stiictly new we cannot <ee it at all It

Frie. 19 Nawiv ryL Views or 1ne Fur Moox

In the upper left hand pictare 1< o dinwang of the  man i the moon’, 1 the
uppct nght, the  «rib 1 the lower loft, the woman 1cadmg u book*  In the
lower tight hund picture 15 an actual photograph of the moon, with which the other
pictures may be compired A hivoly unagination will recogmize other figures in the

moon. Ry germussion from * The Moin,” by W I Pickering

has to be about two days old before we can see its slender
crescent. About two days before it becomes new, or when it
is about twenty-seven days old, it shows a similar crescent.
At thiy time one must look for it in the east, just before the
sun comes up. When it is young—two or three days old—we
must look for it in the west just after the sun has gone down.
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The Moon and the Weather

Remember that the horns of the crescent moon are always
turned away from the sun. Fig. 48 shows that this must he
so. Further, the line joining the tips of the horns is at right
angles to the line joining the moon and the sun.  In this part of
the carth where we live, which is known as the middle latitudes,
the horns in the springtime
are turned upward so that
the moon looks as though it
could hold water: in the
autumn they are tilted so
that the water would be spilt.

In the tropical parts” of
the earth the horns of the
erescent moon are always
turned so that it could hold
water, while in the aretie
regions they are tilted so
that water would run out,
In neither position has the
new moon anything to do
with wet weather,  You see
how ridiculous it is to con-
nect the weather with the

appearance of the crescent F1a. 50. THE ‘MaN ™v THE MooN’
0 The *man’ can also be seon easily when
moon. Indeed, th‘)“gh the moor 15 al >ut halt way betwedon full and

many ])(‘()])l(‘ believe that third guerter and when 1t 15 not tar above

T R . 21 the easte n ho 1zon,  This picture 1s from

) 3 1 om u
there is a conne zion, the sheteh nde «n September 14, 1927, when
moon  has absolutely no  themoor  age was nneteen days.

effect on the weather at all.

Naked-eye Views of the Moon

Tt is interesting to study the moon with the naked eve. 1In
Fig. 49 there are four pictures. On the lower right-hand side
is a photograph of the full moon which illustrates well how the
moon looks when viewed with a small telescope or a field-glass.
In the upper left-hand picture is seen the * man in the moon.’
Notice his eyes, nose, mouth, and chin. As the full moon is
coming up in the autumn the ‘ man in the moon ’ is well seen.
He is also clearly seen when the moon is about four days past
full (Fig. 50). At the lower left (Fig. 49) is shown the ¢ woman
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reading.” She has a hat on, and is bending over and holding
the book up before her. Then in the upper right picture 1s
seen the crab.” Other fanciful objects have been sketched by

Fia 51, Tueg Furn MoowN

The daik arcas are called * scus,” though they contain no water ; the small, round
objects are ciaters, probably volcamc in ongin. Note the bright ¢ rays,’ many miles
long, coming from the ciatc1 Tycho at the upper part of the picture. No one has satis-

factonly explained these, Hartqrd Observatory photograph

different observers. Those shown here are very easy to see—
if you look for them.

Photographs of the Moon

In Fig. 51 we have a photograph of the full moon. The
illustration is turned to show the moon as it is seen in a
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Fia 62 Tar MooN AT FIRST QUARTKR

lhe dark <eas are w1l shown here, and the crators are very prominent along the
ragged edge (known as the ‘‘ ternunator’’) which bounds tho viuible portion ‘lhe
lurge st one, half way down this edge, 1s about 116 miles1n diamoter —fitteen times ag
large us any crater on the earth The other half of the moon’s face 13 in darknesg

and so cannot be seen by us

F

Verkes Obseriatory photograph
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Tic 53 1HT SLA O SHOWIRS AND FHE STURROUNDING SURKFAC1

This photogt sphw 1 tul en at Mount Wilsen Clifornia with the Ho hart lescope,
which1s 100 mchesmm diwn etcr  tho largest in existenec Obscrve the dea fShowers,
the mountain 1ang(s und the craters  also the shurp shadows east by the 11me of the
crater~ and by rochy objccts on the great sca Lottom

WMt Was 1 Obscr 1t vy yplotogragh

telescope—that 15, upside down as compared to the view with
the naked eye or with a field-glass
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Note the dark portions, mostly roundish in shape. They
are called seas  When first discovered they were supposed to
be bodies of water, and, although we now know that there is
no water on the moon, thev are <till called seas.  They bear
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Lhe orators are nmamad mo tly
atter mountauns on the ¢ uth

faneiful names
the Sea of (‘rises.

Sea of Serenity.
Sea of Showers.
bright rays running from it.

ftar notcd astronomeais, and tho mountains

The oval spot half-way up on the left side is

Immediately to the right ot it is the Sea of
Tranquillity, and dueetly below this, also oval in shape, is the
The big one below and to the right is the
Notice also the bright spot near the top, with
It is not a sea, but a crater, and

it is called Tycho, after a great Danish astronomer.

Neat we have a photograph)(Fig. 52) of the moon at its first
Some of the seas

quarter, or when it 13 about seven days old.
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are shown very well, but notice especially the numerous round
objects, seen particularly clearly along the right-hand edge.
These are craters, perhaps due to volcanic action in long-past
ages. The largest one on the moon is seen half-way down the
right-hand edge. It is called Ptolemy, after another great
astronomer, and is 115 miles across. The largest crater on
the earth, which is found in Japan, is only seven miles in
diameter. Look also at some detached white spots in the
darkness just beyond the ragged edge. These are the tops of
mountain-peaks which are just being lighted up by the rising sun.

Fig. 53 is from a photograph taken with the largest telescope
in the world, which is on Mount Wilson in Southern California.
This shows a portion of the moon (the northerly part) as seen
at third quarter. Here is the Sea of Showers. The names of
some of the objects seen in this picture are given in the key
map (Fig. 54). First we have the Sea of Showers. On its
upper left shore are the Apennines, a range of mountains named
after the Apennine Mountains in Italy. At the lower left are
the Alps, while the Caucasus Mountains are between. Notice
the valley in the Alps. It is from three to six miles wide and
over eighty miles long. Then there is the crater Plato. It
looks elliptical in shape, because it is on the surface which is
curving away from us, but in reality it is circular. 1t is sixty
miles in diameter. Then there is Rainbow Bay, and higher
up are the craters Archimedes, Eratosthenes, and others. Also
note the sharp rock rising up at the left side of the Sea of
Showers. It throws a very black shadow. This shows in
what direction the sun is. It is interesting to pick out all these
objects on the photograph. There are many other objects, and
a name has been given to all the principal ones.

Does the Moon always show the Same Face ?

Month after month as we look at the full moon the same
familiar features are seen, and so we are in the habit of saying
that the moon always shows the same face to the earth. And,
indeed, that is practically correct. Should Hipparchus, the
distinguished Greek astronomer, who lived more than two
thousand years ago, visit the earth now, he would see the same
face of the moon which he gazed upon trom his observatory on
the island of Rhodes in the Aigean Sea.

When, however, we examine it closely we find that the
portion of the moon’s surface which we see is not always
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exactly the same. This is well illustrated in the two photo-
graphs of the full moon in Fig. 55. Compare them carefully.
In the right-hand view we see much farther above the crater
Tycho, and, of course, much less below the Sea of Showers,
than in the left-hand one. Also notice that a portion to the
left of the Sea of Crises is visible in the left-hand picture which
cannot be seen in the other one.

Indeed, by continual observation with the telescope, or by

F1e. 65. Two PHOTOGRAPHS OF THE MOON, SHOWING LIBRATION

A comparison of these two photographs, the second of which was taken after an
interval of \1x months (October 31, 1906, and Apnl 27, 1907), shows that the face of
the moon which woe seo 1s not always oxactly the samo  The bright spot near the top
18 the crator Tycho, and the bright radiations from 1t are conspicuous.

Amateur photographs, D B Marsh

studying photographs taken at different times, it is possible to
see 59 per cent. of the entire surface of the moon. Some people
express a wish to see the 41 per cent. which is always hidden
from view, but they may rest assured that it is of the same
general nature as that which we are permitted to see.

Worship of the Moon

The moon also was worshipped by the Egyptians. They
had two moon-gods, one of them bearing the name of Thoth.
One form in which he was pictured is shown in Fig. 56. He
has the body of a man and the head of an ibis—-a bird regarded
as sacred in ancient Egypt. Upon the head is a disc and
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crescent, to which an ostrich feather, the symbol of truth, is
added. In his hands he carrics a writing-tablet and a reed
pen.  Thoth was also the god of science and letters.

The Moon a Dead World

It is the opinion of astronomers that the moon is a waste
of rock and sand. No clouds are ever seen upon its surface,
and no changes of its features have been surely deteeted.  They
look somewhat different according as they are lighted up difler-
ently by the sun’s rays. but there is no real change in their
shapes. Henee we believe that there is no atmosphere on the
moon.  When the sun’s radiation beats down upon its surface
during its daytime it must become very hot, but during its
long night the temperature must fall very low.

Allis dead, deserted, and silent there.

Fue. a6, Trori, THE KeyriiaN
MooN aon
This 15 one of the forms ot Khoth
found on ancient  monuments,
Thoth was alco the god of sewnee
and hterature.



CHAPTER V

MERCURY AND VENUS

Mercury

= E now come to the
planets. The one
nearest to the sun is
called  Mercury.  Its
average distance from
that body is 36 million
miles, though actually
it varies between 28]
and 43} millions.  As we have al-
ready learned, it is the smallest of
the family.

In the ancient Greck and Roman
mythology  Mercury  occeupied  the
position of messenger of the gods.
He was represented as a fine youth
with wings on his heels which en-
abled him to rush through space
with tremendous speed when he waw
performing his official duties.  He
was a favourite subjecet for artists
and sculptors, and many fine paint-
ings and statues of him have been
made. A photograph of one of the
most graceful and charming of these
statues is shown in Fig. 57. It
was made by Giovanni da Bologna
in ILtaly about 1575, and is in an art
gallery in Florence.

The planets are named after the
old heathen gods, and the name of
Mercury was naturally given to the
moves the swiftest of all.

Fia. 57. MErcury, TRE MES-
SENGER OF THE Gobs
In his left hand he bears his
ofhicidl wand, or sceptro. His
loft foot 15 supported by the
west winad,

nearest planet, since it

It never travels at less than twenty-

three miles a second, and it sometimes rcaches thirty-five miles

87
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a second. It requires only eighty-eight days to make its cir-
cuit about the sun, or, in other words, Mercury’s year is not
quite three of our months. Its diameter is 3030 miles, and its
mass 1s about one-twentieth that of the earth. The relative
sizes of the earth and Mercury are shown in Fig. 58.
Astronomers for a long time have patiently watched the
planet with the telescope in the hope of recognizing some
marks on its surface which would allow them to determine how
long it takes Mercury to rotate on its axis, but they have not

Fic 58 Rr¥LATIVE S1zks oF THE EARrH AND MERCURY
The diamcters arc 7918 mles and 3030 miles 3 ¢, they are 1n the ratio of 100.39.

‘been very successful. It is generally believed that Mercury
always presents the same face to the sun, and that it has little
or no atmosphere. Therefore, on one face it must be a burning
desert, on the other a frozen waste.

Venus

The planet neat in order is Venus. Its distance from the
sun is 67 million miles. Just as Venus was the most beautiful
of all the ancient deities, so Venus is the loveliest of all the
sun’s family. As an evening star in the west, or a morning
star in the east, Venus easily outshines all the other planets
and all the stars, and draws forth the admiration of every one.

At the speed of twenty-two miles per second Venus pursues
her path, and makes a complete revolution in 225 days or seven
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and a half months. The diameter of the planet is 7700 miles,
which is almost the same as that of the earth. Indeed, Venus
and the carth are twin sisters (Fig. 59).

Before we consider the behaviour of Venus therc are some
things which should be remembered : _

(1) Venus has no light of its own, but shines only as it is
illuminated by the sun.

(2) At all times one-half of the planet’s surface is illuminated
—namely, that hemisphere which is turned toward the sun.

Fia. 59 RFE1ATIVE S1zES oF THE EARTH AND VENUS
The diamcter< are 7918 and 7700 milos—s ¢ , they are in the ratio of 100:97.

(3) We observe it from the earth, which is 93 million miles
from the sun, and therefore beyond the orbit of Venus.

In Fig. 60 we see a young astronomer on the earth watching
Venus as it moves round the sun. When Venus is at position 1
it is at its greatest distance from the earth, being then 93
plus 67, or 160, million miles away. This is a very great
distance indeed, and consequently the planet appears small.
The planet really cannot be observed when it is in this position,

,as it is lost in the blaze of the sun’s light. As observed from
the earth, it will usually be a little north or a little south of the
sun, but so close to it in the sky that it cannot be seen. If at
this time the moon comes in front of the sun and shuts off its
intense light the planet can be seen, and through a telescope
it shows a bright round disc. This is, of course, exactly what
we should expect, since its illuminated hemisphere is turned
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directly toward us. Indeed, it has been photographed when very
close to this position, and it shows a round dise (Fig. 61, A).
When it reaches 2 (Fig. 60) it is nearer the earth and for that
reason looks larger, but now we cannot see the entire illumi-
nated hemisphere. With the naked eye one cannot at any time
make out the shape of the dise, but a small telescope will show
that it has the gibbous form shown in Fig. 60. On reaching 3
it is much closer and brighter, and it looks like a half-moon.

Fre 60 How VLNUS SHOWS PrAsES
The voung astrionomer on the earth watches Venus as 1t moves fiom superior con
junction with the sun (posttion 1) to inferior conjunction (position §). It appeats to
ncrease m «iz¢ and to <how phases.
Draun by F. 8. Smuh

As it moves along its orbit it becomes still brighter until it
comes to 4. The telescope reveals it now to be crescent-
shaped. (Compare Fig. 61, B, C. D).)

Five weeks later the planet reaches 5 (Fig. 60). At this
time its distance from the earth is 93 minus 67, or 26, million
miles. It is now closest to the carth, but, as its illuminated
face is turned from the earth, we cannot see the planet at all.
Venus hides her beautiful facéfrom us.

Then in five weeks more the planet moves to 6, where its
shape is similar to that at 4. Then it moves to 7 and 8 and 1
again.

gWe thus see that Venus shows phases like the moon.
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Morning and Evening Star

We have not finished with this picture yet. When Venus
i at 2, 3, or 4 a person on the earth will see the planet up in
the sky to the left-hand of the sun. Look up now at the sun
and think of Venus as being on your left-hand—that is, cast
of the sun. Then as the sun moves across the sky during the
day Venus will follow it. and when the sun has set in the west
Venus will still be above the horizon, and we eall it an evening
slar.

When, however, Venus is at 6, 7, or 8 it will appear in the

Fig. 61. PHoToGRAPHS OF VENUS

Here we hwve actunl photogeaphs of the planet, showing the ierease in apparent
diameter and also the phases, which vary from * full” to a slender erescent.

Lhotoyraphs by 1. C. Shipher, Loull Obseriatory

sky to the right, or west, of the sun. Hence as the sun moves
across the sky the planet will move along ahead of it (will
precede it, as the astronomer says), and so will set hefore the
sun ; but next morning it will come up in the east before the
sun—that ix, it will be a morning star.

The ancient people thought the evening and the morning
star were two different bodies, and called them Hesperus and
Phosphorus respectively.

No definite permanent markings on the surface of Venus
can be seen, and it is therefore difficult to determine how long
it takes to turn on its axis. For a long time it was believed
that the planct rotated in a little less than twenty-four hours.
Then further observations led to the view that it presented the
same face always to the sun, and thercfore that its rotation
and revolution periods were the same—namely, 223 days. If
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the rotation period were 1n the neighbourhood of a day the
planet would be flattened at the poles This effect 15 shown

el N
s
=)
[ o
>
haadil Y
——— )
el 29
o
osts
‘“h"-' > .
T R +
% pi - IS -
- - —
’_‘W”l » b -
&
» - .
B — e
- -
]
P -
. >
™
way -
b o
i L

Fra 62 DR Prrcival LOWFLL 0BSERVING VENUS IN THE DAY rimi

The be st time to obscrve Vinus s 1n the daytime, when 1t 13 high above the homzon
Dr Lowell 1s using the 2 foot telescope of the-Lowell Obsorvatory, Flag<taff, Arizona,
which he founded 1t was with this telescope that Dr Lowell made most of his
observations on Mars and the other plancts

by all the planets which are known to have short periods. But
many accurate measurements have not revealed any difference
between the polar and equatorial diameters of Venus. At
present the evidence 1s favourable to a period longer than
twenty days—perhaps five or six weeks.
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Venus has a thick atmosphere which prevents the surface
from getting either too hot or too cold. Mercury has no such
protection. It is this atmosphere which prevents us from
seeing any marks on the solid surface of the planet.

Venus seen in Daylight

Venus when at its greatest brilliancy far outshines any other
planet or star, and can be seen easily in full sunlight 1f one knows
just in what direction to look for it.

Comparatively few people have seen the planet in the day-
time, but on some occasions it has aroused much interest. In
1716 many citizens of London were thrown into a state of
excitement on seeing a strange object in the sky in the daytime,
and feared that it might be the forerunner of some disaster.
But the astronomer Halley explained that it was simply the
planet Venus following its usual course.

It is also reported that on one occasion, when Napoleon was
on his way to a state ceremony in Paris at noon, he was surprised
to find the people more interested in looking at something in the
sky than in himselt and his brilliant staff. On seeking the cause
the planet was pointed out to him.

Quite recently there was some stir in the city of l.os Angeles,
in California, when the people gathered in considerable numbers
to sece Venus. The tall buildings kept out the direct sunshine
and permitted a comfortable view of that part of the sky in
which the planet was. But it may be seen quite well in the
country. A few years ago some persons living on the prairie
in Western (‘anada, on discovering the planet in the sky,
telegraphed the news throughout the country.

Venus is always a dazzling object in the telescope, and is
best observed when high above the horizon. In Fig. 62 Dr
Percival Lowell, of the Lowell Observatory, Flagstaff, Arizona,
is shown observing Venus in the daytime. When brightest its
shape is like the moon five days old—like that between 3 and 4
or 6 and 7 in Fig. 60.
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MARS

The Planet’s Distance and Size

K all the planets Mars has excited the greatest
interest. It seems to be more like the earth than
any of the others, and evervbody is anvious to
learn if there are living beings upon it.

The planet’s distance from the sun is about
142 million miles, which is one and a half times
the carth’s distance, and it completes its cireuit
about the sun in 687 days, travelling continually

with a speed of fifteen miles a second.
The diameter of Mars is 4215 miles, not much more than

1
1

Fia 63. Rrvative Sizes ov ™HE Eagru anNp Mans

The dincters are 7918 mules and 4215 miles— ¢ ¢, they are m the
1at10 of 100, 53,

half that of the earth (Fig. 63), and its mass is one-ninth that
of the earth. In other words, there is cnough material in the
carth to make nine plancts like Mars.

Orbits of the Earth and Mars

Let us look into the motion of the earth and of Mars. In
Fig. 64 the inner orbit is that of the earth, the outer is that-of
%
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Mars. The orbits are really ellipses, but they do not differ
much from circles.
The position of the carth on the first day of each month is
given. It occupies these same places year after year
The position of Mars on the first day of each month of 1926 is
also shown.  Ax it takes almost two years to go round the sun,
[ {¥{]

19¢8
— ——

- -

SUN®

Fra. 64, Dnaray o THE ORBITS OF THL Farin anp Mars
The ol its nre drawn to seale.  Note that the orbits are closer together at one side
than at the other. The poation ot the earth on the tirst ot each month every year,
and of Mars on the hist of each month ot 1926, 15 shown, and the number beside the
line jotnmg the twe bodies expresses the distanee apurt 1n mithons ot mues,
it passes over only a little more than half of its orbit in one
year. The line joining the two bodies represents the distance
between them on the different dates, and it is interesting to see
how the distance changes. The figures beside the line give the
distance in millions of miles.

On January 1 the planet was 208 million miles from the
earth, but by Fcbruary 1 this had been reduced to 188 millions.
Thus during January Mars came closer to the earth by 20
million miles, or the speed of approach was about ten miles
per second. The distance between the bodies continually



96 OUR WONDERFUL UNIVERSE

diminishes until November. On the 4th of that month Mars
and the carth are in the positions shown. At this time the
sun, the earth, and Mars are in line, and a person on the earth
sees the sun and the planet on opposite sides of him. The
astronomer describes this condition of things by saying that
Mars is in opposition to the sun. As the sun sets in the west

Fia. 65. A DrRawING oF Mars

This drawing represents Mars as seen with the 36-inch telescope of the Lick Observa
tory, in California, on August 29, 1924.  Tho bright spot at the top is the pole cap, the
darker portion (greenish in the telescope) 1» probably vegetation, and tho lighter por-
tion (pinkish n the telescope) desert.  The <traight streaks are ** canuals.”

Draun by R. J. Trumpler

Mars rises in the east, and it is a prominent object in the sky
all night long. At the opposition of Mars of November 4,
1926, Mars was about 43 million miles from the earth.

The interval from one opposition to the next is about 780
days. Thus there was an opposition on August 23, 1924, at
which time the distance from Mars to the carth was less than
35 million miles. The diagram shows where they were then.
This was the closest approach of the two bodies for many years
past or to come, The opposition next after that of November 4,
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1926, is about 780 days after that date—about December 21,
1928, and the distance then will be about 55 million miles.

The Appearance of Mars in a Telescope

When Mars is at a very great distance from the earth, as it
was in January 1926, it is not very bright—about as bright as
the Pole Star; bul when it is near it becomes one of the most
brilliant objects in the sky. It has a ruddy, fiery colour, and
one is not surprised that the ancients named it after their god
of war.

When a large telescope is turned on Mars we see interesting

1016pM 1021pM a2rm
Fia 66 Magrs. TuriE PHotoGRAPHS SHOWING RoTtaTiON

The s photogriphs, from nght to lctt, were taken at 9 24, 10 24, and 10 46 r.m.
1espectively  Tntheinterval of an hour and twenty two minutcs between the finst and
the thind photograph the 10otation of the planet 1 clearly <een.

By Barnard, ¥ crkes Obserratory

features on its surface. It is quite unlike Mercury or Venus,
on which we canmot sec any definite markings at all. Fig. 65
shows a drawing made at the Lick Observatory in California in
1924. Certain details on the surface are clearly shown. When
viewed a few hours later the face is quite different. This fact is
well illustrated in Fig. 66. The right-hand photograph in this
was taken at 9.24 .M., the middle one at 10.24, and the left-hand
onc at 10.46. There is a decided change between the first and
the last, due to the rotation of the planct during the hour and
twenty-two minutes which elapsed between the exposures.

By watching the markings on the planet the time required
for a complete rotation has been found. It is 24 hr. 37 min.
22-6 sec. This is the length of a day on Mars.

The planet also has seasons, but they are nearly twice as
long as ours. 'They are also much colder, since Mars is one and

@
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a half times as far from the sun, which is the source of all the
heat received both by the carth and Mars. In the long winter
the temperature falls very low, and beings such as ourselves
could hardly exist thete.

Mars looks quite diferent in summer and in winter. Thiy iy
shown in Figs. 67 and 68. Tn the former are two drawings of
the planet, one made during its winter and the other duumng its

Fra 67 Two Vikws oF MARS, SHOWING S1ASONAL (CHANGES

The loft hand pictute 1s u wintor view  1n the nght hand ono the sume portion of
the planct dunng its summer 15 shown  The polc cap scen dunng winter has dis
appeared by summer, and othar features have elso develope d.

Draun by I' Louell Iouell Obserratory

summer. In Fig. 68 are photographs taken at that scason on
Mars which corresponds to our May and at other times on to
the Martian summer. 'The change in the appearance of the sur-
face is very clear. 'The great pole-cap, which is supposed to be
ice, melts and almost dwsappears, while the markings at the
equator grow in width and become darker.

The Canals of Mars

Within the last fifty years astronomers have detected some
fine lines on the surface of Mars, which have been called canals.
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In Fig. 69 are four views of the planet, from drawings by Dr
Percival Lowell. The faint straight lines are the canals. The
lighter portions of the surface shown in these views appear
reddish in the telescope, and the darker portions appear greenish.
The former are supposed to be desert, and the latter vegeta-
tion of some sort. Some people think these straight lines are
real canals which have been built by intelligent persons on Mars,
but the majority of astronomers are very doubtful about that.

Fra 68 Paotograrus ok MARS, SHOWING (‘HANQFS IN SPRING AND SUMMER

Clen photographs of Mr<on ascale large enough to reveal details on the sutface are
hurd toscoure, as the unwe on the photogiaphie plateissosmall, but distinct chunges
produced s the Mawrtinn year advanced are shown in these pietures.

Photoyraphs by T, ¢ Shphar, Lou 1l Qbservatory

The canals can be deteeted best by observation with the tele-
scope. They are too fine and faint to be photographed satis-
factorily. An interesting comparison of photographs with a
drawing made at the same time is given in Kig. 70. In this
figure 1, 2, and 3 arc photographs taken in the regular way—
that is, with a camera at the end of a telescope. At the same
time the drawing, 4, was made, Then this drawing was placed
at such o distance from the camera that when photographed
(through the telescope, of course) the image on the plate was of
just the same size as the image of the planet in the sky. The
picture thus taken is 6. It is precisely like the photographs
1, 2, and 3.
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The Atmosphere of Mars

Since the very surface of Mars can be seen clearly, it is evi-
dent that its atmosphere must be rare and transparent, not

1 z

Fia. 69. Forr DrawiNas oF Mars (LowgLL)

These pretures exhuibit the four *sides” of Muars as 1t rotates on its axis.  The
foatures shown appear s the planet rotates 90° on 1ts axis.  The rotation penod of

Muras 24 hr, 37 nun. Redvaun by F. 5. Smith

dense and opaque like that of Venus. A close watch on the
planet, cxtending over many years, has revealed an occasional
thin cloud, but the general opinion of observers has been that
there is almost continuous fine weather on Mars—with no dis-
turbances in the atmosphere such as produce storms on the earth.
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In 1924 and again in 1926, however, striking cvidence of an
atmosphere was obtained—and in a very neat manner. FKor
some years Professor W. H. Wright of the Lick Observatory in
California has been studying how hest to photograph distant
objects on the carth by means of a telescope.  He found that
the most satisfactory pictures were obtained when he placed a
decep red filter over the photographic plate.  In this way only
red light was used in producing the image on the negative. If
he used a blue or a violet filter, or no filter at all, many of the
details were not recorded.

This is well illustrated in the two pictures in Fig. 71. They
were taken from the summit of Mount Hamilton, on which is

[}
B
'S

1

Fia. 70. Pruoroarapus oF MARS, AND A DRAWING MADL AT
THE SAMLE TiME

Even when Mars is noarest to the earth, ts image on the photograplue plate is
smadl, und 1t 15 nupossible to record (s way fine detmils which ean he seen through
the telescope. In this lustration the first three pretures are photographs, the fourth
15w drawing made at the time, and the fitth s 0 photograph ot this drawing when it
was placed so far oft that it appeared m the telescope to he of the same size as the
actunl planet did. I looks very hiko the direct photogiaphs ot the planet.

Photographs by L, (', Nhipher, Louddl Obsercatory

the Lick Observatory. The town of San José ix thirteen and a
half miles away in the famous Santa (lara valley. The right-
hand picture was taken with red light. In it you can see
clearly the town as well as the trees and roads in the valley.
The left-hand picture was taken with violet light! In it you
see only that part of the mountain near the observatory, the
distant valley being only a blur. .

You remember, of course, that white light contains rays of
all colours. It seems that the red rays can pass freely through
the atmosphere, while the other rays are absorbed by it.

When Mars came especially close to the earth in 1924 the
thought occurred to Professor Wright to photograph it with red
and with violet light. The results were surprising.

! Actually these photographs were taken with infra-red and ultra-violet light—
that is, with radiations just beyond the red end and the violet end of the spectrum.
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Some of the photographs which he obtamed arc shown in
Figs. 72 and 73. Ln each of these A is the picture taken with
violet hight, B that with red light. You sce details with red
hight which are entirely absent from the pictures with violet
light.

There is something clse to be observed.  The violet pictures
are distinetly larger than the red ones.

Why is this 2 The explanation oftered 1s that there is an
atmosphere about the planet, and when the light from the sur

Fie 71 Prnotoararis of 4 DISIANT LANDSCAPT (ARIN
witt V1ot A Rip Llaani
On placing vvaoled hltcr botore the photognpluc phite and thus illowing only vielet
Iight to reach at, the lctt hand picture was obtuned . with ved filtar the night hand
preture was scoured  These are picturcs of the aty ot Sandose thutcen miles uway
trown the summit ot Mount Hanulton, (ditornny,wheore the Laick Ob o1y tory 1slocuted.

Photographs by W right, Licl Obscriatory

reaches it the violet rays are unable to pass down through the
atmosphere and get to the suiface, but are turned back by the
atmosphere, and when they arrive at the camera they simply
give a photograph of the atmosphere, not of the surface of the
planct. On the other hand, the red rays pass right through
the atmosphere to the surface, and then come back through
it.  When they reach the camera they give a picture ot the
surface.

On placing one-half of a violet image against onc-half of a
red image (Fig. 72, C) it is clearly scen that the former is the
larger. Indeed, by measurement the radius of the violet image
is found to be about 5-7 per cent. greater than that of the red
image. Now the red image seems to be a picture of the actual
surface of the planet, and the extra 5-7 per cent. must be due
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to the atmosphere surrounding it. 'The radius of the planet is
about 2100 miles, and 5-7 of this ix about 120 miles, which is,
therefore, the height of the atmosphere.

A

Fia. 72, Proroararus oF MARS 1AREN Wil VIOLLT AND Reb Lieor

A, with violet ight ;3 B, with rcd bght . ¢, halt of each imago placed together
showing that the violet image 1 distinetly the larger.  From this it 1 concluded that
Mars has un exfonsive utmosphare,

Lhetoqraphs by W nght, 1wk Obscriatory

Note the peculiar white *exerescence® on Fig. 72, A, This
I8 a specially lTarge cloud.  There is no trace of it in B. In
Fig. 73, B, there is a white spot near the left edge of the picture

A B

Fra. 73. FurRrer PHorogrArHs Wit VIOLET AND
Rep LigHT

The red 1nago (B) 1~ smaller, and shows more dotail than
the violet imago (.\).

Photographs by W right, Lick Obscriatory

of the planet and half-way down from the top.! This also is a
cloud, it would seem, which in this instance is not seen in A.
Thus what began as simple amusement in amateur photo-
graphy led to important results in astronomy.
1 Turn the book until what is now the right side of the picture is at the top. The

dark markings on the planet will look like a deer’s head. The white spot is at the
deer s throat.
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Is Mars Habitable *

As has been already remarked, the winters on Mars must be
extremely cold. How about the summers ¢ Within the last
few vears the instrument known as a thermo-couple has been
made so delicate and sensitive that it can actually measure the
heat which Mars radiates to the carth, and from this heat cal-
culations of the temperature of dufferent portions of the planet’s

v

Fi.. 74 Tun MARTIANS, ACCORDING 10 MR H., G WELLS

In Mr Wells s hughly mmagiatave story The War of the Worlds the mh ibitant < of
Mazrs are deseribed as havimg thar heads over daveloped and enlarged but their hodies
reduced to slender tentacles

Drcun by 1S Snath, after Dudouyt

surface can be made. 1t is found that the temperature of the
brightly illuminated surface is not unlike that of a cool day on
the carth with the temperature ranging from 45° to 65° K. It
is quite possible that some vegetable, and perhaps some animal,
life may exist on Mars.

Some years ago Mr . G. Wells published a very elever story
entitled The War of the Worlds. In it he described an imagin-
ary attack made upon the earth by people from Mars. The
author represented the inhabitants of Mars as very advanced
intellectually, their brains having expanded so that their heads
were about 4 fcet in diameter. Their bodies, however, had
shrunk almost to nothing, and their legs were little more than
slender, whip-like tentacles.
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Of course,it 1s hardly necessary to remark that Mr Wells's story
is purely fanciful, but it is told in a realistic and thrilling way.

A French artist, Monsieur Dudouyt, has drawn some pictures
of the Martians according to Mr Wells's conception of them
(F1g. 74). Notice that two of these beings are standing up, while
a third one is sitting on the ground, unable to get up. Now the
force ot gravity, which tries to pull all bodies down toward the

Fia. 75 Orniis ok 1HE Moons ox MAgrs

[ he mncr moon tevolves i 7 hr 39 min , tho outer in 30 hr 18 v , whilo Mais
1otates on 1ts axas 1 24 hr, 37mn Lhus the innct moon 1cvolves thiee times in &
Mutimday. 1t moves so fast that 1t rises m the west and sct~in the east.

centre of the carth, or any other pla,net, is much smaller on
Mars than on the earth. Indeed, it is only about two-fifths as
great. A body which weighs 100 pounds when tested by a
spring balance on the carth would, it taken to Mars and tested
in the same manner, weigh only about 40 pounds. If a person
from the earth could visit Mars he would find it very casy to
rise up after lying down, and if he could jump 10 feet on the
earth he would be able to jump 25 on Mars. But it would be
quite different if a person from Mars came to the earth. He
would probably find it impossible to get on his feet from lying
or sitting down. In the story the Martians are represented as
finding it difficult to move about the earth ; and the one shown
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in the picture sitting on the ground finds it very difficult, if not
impossible, to get up.

The Moons of Mars

Mars has two small moons (Fig. 75). They were discovered
in 1877 by an astronomer named Asaph Hall. In the summer
of that year Mars came very close to the earth, though not so
near as in 1924, and a telescope with a diameter of 26 inches,
the largest in the world at that time, had recently been crected
at Washington, the capital of the United States. Night after
night in August Mr Hall searched the sky ncar to the planet
to see if he could find any moons revolving about it. He was
on the point of giving up, but his wife urged him to continue
a little longer. He did so, and on the night of August 11 he
discovered one moon, and six days later a second.

These moons are named Deimos and Phobos, which are the
names given by the poet Homer to the horses which drew the
chariot of Mars, the god of war. They are only a few miles in
diameter, and give out very little light. They are very close
to the planet, and revolve about it very rapidly—Phobos, the
nearer one, in seven hours and thirty-nine minutes; and Deimos,
the farther, in thirty hours and eighteen minutes. Just think
of it—Phobos revolves three times about Mars while the planet
rotates once on its axis. It actually rises in the west and rushes
over and sets in the east. No other satellite behaves like this.
Our moon takes four weeks to go round the carth.



(HAPTER VII
JUPITER—SATURN  URANUS  NEPTUNE

Jupiter

HUS far we have

dense, matter.

been learning about the four

inner planets-—those members of the sun’s family
which are always found comparatively near the
great body about which they move.
comparatively small and composed of heavy, or
Let us now travel farther out
into space to sce the other four members of the
family as they pursue their courses at their im-

They are all

mense distances from the great sun.
The first one we reach is the mighty Jupiter, the greatest of

all the planets.
the earth, or 483 million miles,
and it requires almost twelve of
our years for it to complete a
single revolution, although it
speeds along continually at the
rate of cight miles a second.

Jupiter as seen in a Telescope

Jupiter is a very charming
sight through a small telescope
as it hangs up there in the sky
(Fig. 76). In addition to the
big disc of the planet, four
sparkling little stars are to be
seen in a straight line drawn
through the planet, like pearls
on a stretched string. Thesc
are satellites, or moons. They
were the very first objects 1n the

Its distance from the sun is 5-2 times that of

Fig. 76. JUPITER AS SEEN IN A
SMALL TELESCOPE

The four moons are ~een 1n a row,
Jupiter hus five more moons, but the;
are so small that a largo telescope is
required to see them.

sky discovered by Galileo in 1610 with his newly invented

telescope.

They are just beyond the power of the naked eye,

but can be seen with a good field-glass if it is held very steady.

107
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Through a larger telescope we see interesting bands and other
markings on the planet (Fig. 77), and we also recognize that
Jupiter is not a perfect sphere, but is decidedly flattened at the
poles. This 1s clearly shown in the drawing. Actual measure-
ment reveals the fact that, while the equatorial diameter is
about 89,000 miles, the polar diameter is only 83,000 miles.

K1, 77. JUPITER AS SIKN IN A LARGL TLLESCOPL

In a large tcdescope curious detals of the bands are 1cvealcd, ind the brown wind
ohve tints of the suttuce present a fine pietuto  The fC ures change comple tely
n two or thicc hours, as the planet 1otutes on its axs 1 less than ten houts  lhe
flattening at the poles 1s ulso very cvident, as shown 1n this drawing

Diaun by Keelery Iick Observatory

Why is Jupiter so flattened { We should suspect that it
must spin on its axis very rapidly, and such is the case. It
actually rotates once in nine hours and fifty-five minutes. A
point on its equator travels over 28,000 miles per hour!

The Mass of Jupiter

Jupiter contains enough material to make 317 earths, but it
is not so dense as the earth—indeed, only about one-quarter as
dense. This is about the same as the density of the sun, and
some people have surmised that Jupiter must be very hot. It
does not, however, give out any light of its own; we see it
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only as it is illuminated by the sun’s rays. Morcover, recent
measurements have shown that the temperature of its surface
is very low.

The Motion of Jupiter’s Satellites

A pleasing excercise for a person with a small telescope iv to
watch the four satellites  They are numbered 1, 11, I11, IV m

Draun by J H Brd jer, Croydon Draunbdy J T' Keeler, Lick Observat ry
October 20 1116 11051 M tugust 30 130 LLO9PM (Pacft  1me)

Fira 7% 'ITwo Drawinas oF JUPILI R, SHOWING A MOON
AND 115 SHADOW IN TRANSTT

In e wh prcture the satcdlite ind its <hadow are seen crossimg over i front of the
plmet  The duk, round spot 1 the shadow upon the plwnot s surtace cast by the
satedlite In the lott hand picture the satclite s c(lose to 1ts shadow, both being well
seen yrunst ¢ dirk band of the planct In thes drawings the planct 15 shown as 1t
appears in an ordinuy tadescope, and so the top s the south  In the telescope the

ntellite and its shadow enter at the nght cdee and move to the left across the dise
At the time this drawing was made the satellitc had been on the disc siatcen minutes
und it shadow twenty two mmutes

In the nght hand picture the dark shadow 15 (learly seen at the nght  Lhe satellite
teelf 15 shightly to the night of the contre of the dise  There 1s ittlo contrast between
t and the bught bund bohund 1, and <o 1t 1s not conspicuous  In this case the satel

Iite had «ntaxed upon tho disc an hout und six mimutes, and the shadow twenty one
minutos, hcfore the diaving we s inade

order of thew distance from the planet. They are all larger
than our moon, and their times of revolution are forty-two
hours, three and a half days, seven days, and sixteen and a
half days respectively. It is very interesting to follow their
motions as they move about the giant planet. Sometimes they
pass in front of it and cast a shadow on its face. The satellite
and its shadow slowly move across the face of the planet, and
apparently drop off at its edge. This is illustrated in Fig. 78,
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which shows two drawings of Jupiter. In the left-hand one a
satellite and its dark shadow are seen close together as they
move across the face. In the right-hand picture the dark
round shadow is easily seen near the right-hand side, being in
front of a bright band on the planet. The satellite itself,

l (')‘ I_H

8™

/97_H

2074

Fia. 79. JUPTIER AND 115 SATELLITES ON SIA SUCCESIIVE DAYs

The cential objcct 15 the plunet, and the dots represent the four large <atelhtes.
Theit distances trom the planet and then poriods of 1evolution about 1t are as follows :
No. 1, 261,800 miles; $24 hr. No. 11, 416,600 nules; 3 d. 13 hr. No. 11T, 664,200
mules; 7d 4hr. No. 1V, 1,168,700 miles; 16d. 17 hr. In the diagram the positions
are shown at 1 A M on July 16 21,1926. The arrow indicutes the direction 1n which
tho satellite 15 moving. It 15 interesting to follow their motions fromn day to day.

which produces the shadow, is direetly to the left of the shadow
and a little to the right of the centre of the disc. You can hardly
see it, for it is a bright object and is in front of a bright band.

In this picture notice also an elliptical object above the equa-
torial band and near the left edge of the dise. This ir what
was known as the great red spot. It was first noted in 1878, and
was very conspicuous for several years. When at its best it
was 30,000 miles long and about 7000 wide. Now it is gone,
but the hollow where it lay can still be seen.
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In Fig. 79 are given the positions of the satellites at 1 A.M. on
six days in July 1926. The arrow indicates the direction in
which the satellite is moving, and we can easily follow the
motions of each satellite from one day to the next.

Photographs of Jupiter

Some excellent photographs of Jupiter have been taken, even
though when nearest the earth it is more than 370 million miles

Fia 80. PHoToararus or JUPITER

In these photopr (phs, tuken m different yeus, the changes in the system of belts ure
shown almost s dearly as i a good diawimg made with a @uge telescope.,

Photographs by + ¢ Shipher, Toudl Obseriatory

away. In Fig. 80 are two photographs taken at the Lowell
Observatory, one in 1915 and the other in 1917. The bands
and some other details on the surface are well shown. At
the upper right edge of the left-hand picture and above the
equatorial band is seen the hollow where the great red spot
was. -
Professor Wright has also taken some photographs of Jupiter
in ultra-violet and infra-red light. Two of them, the second
one taken after an interval of an hour and sixteen minutes, are
shown in Fig. 81. .As in the case of Mars, the red image is the
smaller of the two, and it shows some features which do not
appear on the violet image. In the interval between the two
photographs the planet made one-eighth of a rotation on its
axis—the rotary motion being from right to left, as seen in the
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pictures. The hollow of the great red spot is just coming on in
the violet image ; in the other it 15 near the centre of the disc,
but it is invisible.

Fie 81 Proiograrus ok JUPITFR TAKFN WITH VIOLE1 AND Rrp Liout

The left hand prcture was taken with ultra violot hight, the mght with infrvred
The tormer wasexposedat 39 v Octobar 18, 1926, the lattar, 1l 160 mn hta
Between oxposures the phudt rotated 45 The 1otary motion s from ryzht to left
The hollow whetc the old Red Spot formerly Ty is just appoaring on the lett image,
it 15 neat the centre ot the night un ye, but isivisible Note the groa diameter of
the ultia violet inage  dso the fhattcmng of the planet

Tht paphsby Woeght 111 Obser wtory

Saturn

The next member of the solar system as we proceed outward
from the sun is the most remarkable of all the family. 1t is
the planet Saturn (Fig. 82). At nine and a half times the earth’s
distance, or 880 milhon miles, from the sun it moves along its
path at the rate of six miles per second and completes a revolu-
tion in twenty-nine and a half years.

Its great belted globe is surrounded by a wonderful set of
rings and a4 it moves majestically along its appointed way it
is attended by ten satellites which for ever revolve about it,
some quite close, others a long way off, as though they were a
bodyguard to protect it from enemies lurking in space.

The equatorial diameter of the ball is 74,100 miles, and the
polar diameter is about 7800 miles less, or 66,300 miles. Thus
it is much flattened at the poles, and we should expect it to
turn about its axis rapidly. And such is the case. To make
one rotation requires only ten hours and fourteen minutes.

The matter of which Saturn is composed is about as heavy
as dry oak or maple-wood, and so the planet would float on
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water if a large enough ocean could be found on which to
launch it.  All the other planets would sink.

Fra. 82 SATERN AND T1S SATEITIEES AS SEEN TN A Svaat Torrscopr

Saturn cncicled by ats remarkble nys ind wcompamcd by s Tanuly |
ot moon s vchmmmz obyect m the telescopn

The Rings of Saturn

There are three rings in the system, as is clearly illustrated
in Fig. 83. The outer one is separated by a dark space from
the middle one, which is wider and brighter than the first, and
the innermost ring is much fainter than either of the others.

The outside diameter of the outer ring is 171,000 miles, while
its thickness is probably not greater than 10 miles. 1If you
should take a sheet of the thinnest tissue-paper and cut out a
civeular dise 17 inches in diameter to represent the size of the
rings, the thickness of the paper would represent their thickness.

What are these rings made of ¢

They are composed of small, separate bodies, like boulders or
big stones, which are so close together that very little, if any,
light can pass through between them. These bodies revolve
about the ball of the planet as though they were a close-packed
swarm of moons, each independent of the others,
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Phases of the Rings

As the planet revolves about the sun the rings show different
phases as illustrated in Fig. 84. When either the carth or the
sun is m the planc ot the rings they cannot be seen. This
happens every fourteen and three-quarter vears. They dis-

Fia 83 A Drawinag or SATURN

Note the great bl with its hilts and the eriss c1oss mathings at the equator and
al-o the wondertul system of tings  The vuter ning has an « xterior duneter of 171,000
miley, and 19 about 10 000 nulcs wide  Cassm s division, between 1t and the middle
ring, 15 3000 nnlcs wide 1he niddle 1ing has an outor dimetar ot 145,000 miles, and
113 16,000 mile 1 width Tt 1 sepu ted by a nurrow division from the mner, or
‘erapo,” iy, which 1 11,300 nile wade

Drouwn by Perciral Tenddl

appeared from our view in 1907 and 1921, and will be invisible
again in the vear 1936, as shown in the diagram.

Though Saturn when closest to the earth is still about 800
million miles away, some wonderful photographs of it have been
taken. In Fig. 85 are reproduced three from negatives taken
at the Lowell Observatory. They show the phases clearly.

To the naked eye Saturn gives a dull, steady light. Venus is
so brilliant that no one need mistake it. Jupiter comes next in
brightness and, though much inferior, iy still brighter than any
fixed star. Mars on rare occasions actually outshines Jupiter,
but usually it is much fainter. Its reddish light, however, renders
it easy to recognize. Saturn appears as a first-magnitude star—
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Fic. 84. WrY SATURN’S RINGS sHOW PHASES

As the planct rovolves about the sun 1ts rings are presented edgewise to the sun and
the emth twice dunng its period of twenty mne and a half years. At such times the
nng wre imvisible, cxcept perhaps in the largest telescopes.  Years when this happens
(al~o tho ¢ win the nnes appear o ened widest) ure imdicaied 1n the diawing

F1a. 85 PnoToaraArHS oF SATURN, SHOWING PHASFS or THE RiNas

These beautiful photographs  taken in February 1916, Apnl 1921, and May 1922 —
show Saturn withits nngs most sproad out, when tuined edge on, and u yearlater, when
slightly opened up  Note Cassint’s riivision and the shadow on the rings cast by the

ball. “Photographs b1 1. C. Shipher, Louell Obsertatory

about as bright as Arcturus or Procyon. But it has a yellow
tinge and does not twinkle. Indeed, none of the planets, except
Mercury, ever twinkle, unless they are very close to the horizon.
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Uranus

For many centuries it was thought that Saturn was the most
distant of all the planets, and that its orbit formed the outer-
most boundary of the solar system ; but a startling discovery
made in 1781 showed that it was necessary to travel out twice
as far as Saturmds orbit before reaching the limit of the sun’s
kingdom.

On March 13 of that year William Herschel, a professional
musician living at Bath, in England, was studying the sky with
a telescope which he himself had made. Herschel had found
that in order to understand fully the theory of music he had to
study algebra, geometry, and other branches of mathematics.
From these he was led to study optics, or the seience of light,
and the construction of the telescope ; and, having used a small
telescope to obsersve some of the objects in the sky, he desired
to obtain a larger one. He inquired the price, but it was more
than he could pay, and he determined to make one himself.

Two Kinds of Telescopes

There are two distinet kinds of telescopes.  In one a lens is
used to collect the light from the celestial object ; in the other
a mirror performs this service. The former is called a refrac-
tor; it is the kind you ordinarily see. The latter is calied a
reflector, Lecause the light ix reflected from the surface of the
mirror. Now it is much easicer to make a mirror than a lens, and
it was a mirror telescope (or reflector) which Herschel con-
structed. Indeed, it is quite a favourite exercise for an amateur
astronomer to make his own telescope, and many good ones
have thus been made. To grind and polish a mirror demands
patience and care—and delicate skill too, if a good one is to
be made.

Here is a telescope (Fig. 86) constructed by a Toronto lawyer,
who iy seen observing with it. The mirror is in the lower end
of the tube, and the evepiece, into which the astronomer looks,
is at the other end. The tube in this case is of galvanized iron,
and it is supported on a wooden post. The largest telescopes
in the world are constructed on this principle. At the Mount
Wilson Observatory, in California, is one 100 inches in diameter.
This is the greatest of all. The next in size ! 18 at the Dominion

1 The huge tube of this telescope 13 30 feet long, and 7 feet 6 inches in diameter.
The upper portion (23 teet 1n length) 13 o framework of steel. 'The great muror 18
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Astrophysical Observatory, near Victoria, British Columbia
(Fig. 87). It is 72 inches (6 feet) in diameter. These great
instruments are triumphs of engmeering skill. They are very
massive and comphicated, but they can be handled very easily,
and they move with the precision of a watch.

In Fig. 88 15 shown the greatest lens telescope mn existence.

Fra 86 AN AMAIIUR AND HIS TheIkscorn
The mirtor (not a lens) of the teleswfn 15 at the lower end ot the sheet motal tube,
h

which 15 mountcd on a wooden post with the assistance ot 1ron pipes and non weights,
The maker (Mr A R Hassard, ot Loronto) 15 obscrving at the cyopiece, which 1~ at
the upper end of the tube

It is in the Yerkes Obscrvatory, which 1s a part of the Uni-
versity of Chicago, and is located at Willuums Bayv, Wisconsin.
The lens is 40 inches in diameter, and the telescope s about
65 feet long.

The telescope which Herschel was using on that day in 1781
was 6} inches in diameter and 7 feet long. It was his custom
to rush home after a practice or a concert, and spend the

at the bottom of the enclosed portion It 15 an immense disc of glass, 72 mches 1n
diamoter, 12 inches thick at the edge, and 111 inches at the centie, where a hole
10 1nches m diameter 1s Lored out of 1t It weighs 4340 pounds  The small mirror
18 ls:;:en at the top of the tube A spectiograph is attached at the lower end of the
tu
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Fie 58 Tt GRIAT REri vc1inG TEIFS(OTL OF THk YFRRES OBSFRVALORY

Lhis 15 the Tugest lons teloscopo m cxaastence  Fhe diimcter of the lens s
10 inches, and 1ts foeal length 1s 62 feet

Lhotograph by hoss, 1 erkcs Obsertatory

How Uranus was discovered
As he was examining star after star in the constellation
Gemini (the Twins) he came upon one which looked peculiar.
In a good telescope o star appears simply as a bright point,
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but to his sharp eye this lone looked larger—like a tiny disc.
He tried cyepieces of higher power, and the dise looked larger.
A fixed star does not behave in that way, and so he decided it
could not he an ordinary star. A few days later he examined
it again, and it had moved among the stars. He concluded
that it was a comet, very far off and without a tail. The idea
that it was a planet did not enter his mind.

After a few months it was proved to be a planct, and the
name Uranus was at length given to it.

King George 111 knighted Herschel, gave him a pension, and

F1a. 89. RELATIVE S1zLs oF THE PLANET URANUS AND
T Earin

The diamciors are 32,100 nules and 7918 miles—i.¢., 1n the ratio é:1: 1.

made him the King’s Astronomer. He constructed many larger
and better telescopes, which were famous all over Europe, and
he devoted much time to observing the heavens. Indeed, he
became the greatest observational astronomer of all time.

Uranus and the Earth

Here is a drawing of Herschel's planet and the carth on the
same scale (Fig. 89). The planet is 1800 million miles from the
sun, and its orbit is so large that, though it moves with a speed
of four and a third miles per second, it requires cighty-four years
to complete its circuit of the sun. Its diameter is about 32,000
miles, and so its volume is sixty-six times that of the carth ; but
the material in it is not nearly so densc as that of the earth.
It ¢ weighs ’ only fifteen times as much as the earth.
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Uranus has four small satellites which can he scen only in
large telescopes ; but though they are so tiny and so far away
they have been photographed. The four small dots to be seen in
the picture (Fig. 90) are the satellites, and their names are given
in the key below.

Neptune

Uranus is not the last planet in our solar system. There is
at least one more.  Its name is Neptune. U anus was met with

Fig. 90, A Proroorari o URANUS AND 118 SALKILITES

I'he moons of Uanus are very smnll and can be seen only 1 a lnge telescope, but
they have been successfully photographed.  The names given to thom are to be tound

i the hey. Photoqraph by Lampland, Loudl Obscriatory

almost accidentally ; Neptune was discovered by the mathe-
matician in his study.

After Uranus had been observed for some months astronomers
were able to caleulate the size and position of its orbit, and it
then became possible to prediet where the planet would be
found day after day, As the years went by, however, it did
not occupy precisely the positions assigned to it. It did not
wander very far from its computed path, but yet far enough to
make the astronomers wonder, and at last they decided that
there must be some far-distant body which was luring the lonely
Uranus from the orbit assigned to it.
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Discovered by Mathematicians

Two mathematical astronomers, Adams in England and
Leverrier in France, both without any knowledge of the other,
undertook to calculate just where the unseen trouble-maker was.
It was a very difficult problem, but they both solved it.  They
stated just where in the sky to look for the stranger, and on
September 23, 1846, an astronomer in Berlin pointed his tele-

Fia. 91, RELATIVE S1ZES oF THEL Prankr NEPTUNE AND
1k EAriu

The diame taas are 3L,000 mules and 7918 milcs —e.e., i tho rtatio 391

scope to the place and found it. The discovery caused a great
sensation.

Neptune is 2800 million miles from the sun. 1t moves along
its orbit at the rate of three and a third miles per second, and
requires 164 years to perform a revolution. Thus it has com-
pleted only half a revolution since it was discovered. 1t requires
field-glasses or a small telescope to see it.

Fig. 91 shows a drawing of Neptune and the carth. Nep-
tune’s diameter is about 31,000 miles. It is large enough to
contain sixty earths, but the matter in it, or its mass, is suffi-
cient to provide only seventecn earths.

Discovery of Neptune’s Satellite

Within a month of the discovery of the planet a little moon
was detected revolving about it. Though they are at such an
enormous distance from the earth, it has been found possible to
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take a photograph of the planet and its solitary satellite. In
Fig. 92 the bright dot in the centre is the planct, and the little
dot beside it 18 the satellite. It is about as far fiom Neptune
as our moon is from the carth. :

Fi. 92 A Prorocharn ot Nierose asn us
NALLITITE
The bught dot 1s the phinct, and the funt obpect yust
left of 1t 15 1ts moon, which, at a distance ot 219,800 miles
from Neptune, revolves ahout the planet in 5d 21 hr

Photograph by Iampland Toudll Obsiriatory



CHAPTER VIIT

ASNTEROIDS THE NEBULAR I1Y POTHESIN- COMETS —
METEORS

The Asteroids or Planetoids

E have now come to the frontier of the solar
system, but there are one or two things which
we must consider before we leave it.

Let us go back to the wide space between the
orbits of Mars and Jupiter. When we look at the
spaces hetween the orbits of the planets (Fig. 24)
|thi;s one seems unnaturally large; and during
many vears the belief continually grew that there
must be some planets, probably small, revolving about the sun
in this wide space. At last a number of astronomers united
themselves into a society which was jokingly named the Celestial
Police, their intention being to hunt for those members of the
sun’s family which were hiding from view. The first culprit
was arrested, quite accidentally, on January 1, 1801 ; and in
the century and a quarter since then more than 1500 have been
discovered, latterly by photography. In 1926 115 new ones
were located, and in 1927 96 more.

The method is as follows. The astronomer points his camera
to a part of the sky where he suspects that one of these plane-
toids, or asteroids, may be, and he keeps his camera moving
80 that its movement exactly corresponds to the motion of the
sky. The stars then appear on his plate as round dots. Now
a planet is continually moving among the stars, and if there is
a planet among the stars photographed it makes a trail on the
plate. In Fig. 93 there are two of these short trails recording
the presence of two asteroids. The exposure was one hour.

Sagittarius

A Family with Fifteen Hundred Members

The asteroid family has now grown so large that it requires
much time and labour to keep a record of their doings. They
are mostly very small bodies only a few miles in diameter.

124
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There is but one in the entire family which is bright enough
to be seen without a telescope.  Its name is Vesta, and it was dis-

Fie 93 A Puoroarary sHOWING Two Asrrroip TrAs

The usteronds, o1 little planets, are continually moving m relation to the stars
this photograph the cameras was moved o as to tollow the stars, the images of which
are thoretore round dots, while the astorowds muhe trals on the plate.  Two are seen,
not far from the centre ot the photograph

Lhotograph by Barnard, } erkes Obseriatory

In

covered in 1807. Lts diameter is perhaps 300 miles, but many of
them are probably not more than three or four miles in diameter.
Indeed, some are, in all likelihood, just irregular masses of rock,
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The Past History of the Solar System

Before we go any further let us look back and make a general
survey of the solar system. It will be useful to write down a
few of the facts we have learned about it.

(1) The orbits of the plancts are all nearly circular and in
planes which nearly coincide : that is, the angles between the
planes are very small.

Tt is usual to consider the plane containing the earth’s orbit
(which is the same as the plane of the ecliptic) as the standard
plane of reference. All the other planes of the planets (not
counting the planetoids) make very small angles with it.

(2) The planets all move in the same direction in their orbits.

(3) At the centre the sun, which controls the motions of the
planets, rotates in the same direction as that in which the
planets revolve, and its equator is nearly in the plane of the
ecliptic.

(4) The rotations of the planets, as far as they have been
certainly determined, are in the same direction as their revolu-
tions in their orbits.

(5) The satellites of the planets, with very few exceptions,
revolve about their planets in the same direction as the planets
rotate ; their orbital planes also nearly coincide with the ecliptic
plane.

(6) The earth and the sun are composed of the same materials,
and we naturally suppose that the other planets are also com-
posed of the same substances, though some of them are in a
different physical condition from the earth.

What thoughts naturally arise on pondering over these re-
markable facts? First, surely, that all these bodies had a
common origin !

Many people love to imagine, or to speculate, just how the
solar system developed into its present state.  From a study
of its present condition they try to learn its past history.

How the Solar System came into being

The first fairly satisfactory explanation of the way this took
place was the Nebular Hypothesis which was put forth more
than a hundred years ago. It was imagined that in the long-
distant past a vast quantity of the thinnest gas—in other words,
a nebula—filled a space extending much beyond the orbit of the
outermost planet. It was supposed, further, that this gas was
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at a high temperature and was, as a whole, rotating about an
axis. What would happen ?

In the course of ages the nebula would cool down and con-
tract, and the smaller it became the faster it would rotate. At
last the speed would become so great that, it is believed, the
material farthest from the axis would break away, just as water
flies off a motor-car wheel as it rotates. According to the
theory, the matter which broke away came together by its own
attractive force and formed the most distant planct.

The operation did not stop here. The nebula continued to
contract and to increase its speed, and other portions broke
away from the mass, going to form the other planets. The
portion which was finally left became the sun.

This theory can account for some features of the solar sys-
tem, but it fails in several important matters.  In consequence
it has been given up by most astronomers.

Another theory, quite different in nature, was proposed a few
years ago. In this case we are asked to believe that originally
our sun was a simple, isolated star without planets attending it,
and that at a remote time another star in its motion through
space happened to pass near the san.  When they were very
close there would be a tremendous attraction between the two
bodies, and the sun was drawn out of shape.  This caused it to
burst open, and great quantities of matter were thrown out
from it. The visiting star, as it moved away, set the sun in
rotation and caused the thrown-out matter to circulate about
the sun. From this matter in the course of time the planets
were formed. ‘

The above is the briefest outline of these two theories, bua
the subject is full of difficultics and cannot be considered furthe
here. It is well to remember, however, that these are theories
which can never be proved. Usually the astronomer is able to
build upon the solid foundation of accurate observation and
exact calculation, and then his predictions can be depended
upon. .

Comets and Meteors

(‘omets and meteors may also be considered to belong to the
solar system, since they revelve about the sun, but they do not
stop with us always. Fig. 94 shows how a comet behaves.
When first seen it is very faint ; it is coming from far out in
space, and is just near enough for us to recognize it. Then as
it approaches the sun, as indicated by the arrow, it develops a
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tail and becomes larger and brighter. When it gets to the point
where it is nearest to the sun it is said to be in perihelion, and
its tail is usually longest. Then it moves off, always having its
tail directed from the sun. It gets fainter and fainter and at
last disappears, probably never to be seen again.

Sometimes, however, the comets do come back, in which

Kia 94. Tue OrpiT OoF A ('OMET

This 13 the appearance of a grcat comet as it comes from the depths of .pace,
approaches the sun, 1¢ iches perthehion und then sweeps off 1nto space again.  In ity
course 16 passes near the carth’s orbit, and may come very close to the earth On
some occasions the carth hay been eompletely enveloped in the tail of the comet.

Draun by I'. 5 Simth

case they may very properly be counted permanent members of
the sun’s family. The one that returns to the sun most fre-
quently is called Encke’s comet, having been named after an
astronomer who studied its motions. A photograph of it is
shown in Fig. 95. It is too faint to be seen with the naked eye,
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and, as you see, it has no tail at all. It returns once in every
three and three-tenth years,

Their Strange Appearance

Encke’s comet, you will agree, has nothing startling about
its appearance, but some comets are renrarkable objects. In

F1a. 95. A PHOTOGRAPH OF ENCEE'S COMET
This comet has no bright nucleus and no tail ; it is only a faint, hazy fmtoh in the
8

sky, invisible to the naked eye. The exposure for this photograph was 1 hr, 53 min.
The camera was kept pointed at the comet, which was moving among the stars, and so
the latter made trails on the plate.

* Photograph by Barnard, Ferkes Observatory

Fig. 96 is shown one which was discovered by Brooks, an
American astronomer, in 1911. Look at the wonderful tail as
it streams away from the head of the comet.

I
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Fie 96 A PHOTOGRAPH 0¥ BROOKS’ COMET

This comet when fitst secn had no tal, but as 1t approached the sun the tail de
velopcd rapidly, and in tune the comet be e yme a striking object with a tail 30° long
Note the dehicate strands of the tail as thcy stream away — Length of exposure for this
photograph, which was tuken on October 23, 1911, 1 hr 15 min,

Phat graph by Barnard, Yerkcs Obseriatory
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Another comet, discovered in 1908 by Morehouse (Fig. 97),
exhibited some strange changes during the few months when
it was visible. In the illustration you can see the many filmy
ribbons of the tail as they are driven backward by the pressure

F1a. 97. MorewoUse's CoMLT oN OctoBer 1 (8.45 rW.) AND
Ocronkr 2 (1.18 a.m.), 1908

Those two photographs were taken on the <ame might, the second one after an inter-
val of only fout and a half hours, hut great changes took place during that time.  Ono
can almost seo the tarl stienming out fiom the head aud being duiven rapidly into space.
The comet was discovered by Morchouse, at the Yerkes Obscrvatory, and exhibited
many remarkable changcs in shape.

Photographs by Barnard, Yerkes Obseriatory

exerted by the light from the sun. Indeed, at one place there
is a great lump, as though the tail had been broken and a large
portion were flying off into space.

Halley’s Comet

The most famous of all comets, however, is that named after
the English astronomer Halley. It returns every seventy-six
years. It came to the sun in 1910, and will certainly return in
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1986. Some who read this page may live to hail it when it
comes back to visit the solar system again. Fig. 98 is a photo-
graph of this wonderful traveller taken on May 13, 1910. The
exposurc was one of thirty minutes. Notice the peculiar expan-
sion in the tail. Also observe the bright spot near the bottom
of the picture. That is the planet Venus, which happened to be
in the same part of the sky as the comet at that time. Look
also for a faint straight oblique streak at the right-hand side of
the comet and one inch from its head. That was made by a
. shooting star. Thus in this photograph there are four kinds of

heavenly bodies—a comet, a planet, a shooting star, and the
fixed stars.

The Nature of Comets

There is still much that we do not know regarding the real
nature of a comet. Its volume is often enormous. The head
may be 100,000 miles or more in diameter and the tail 50,000,000
miles long, and yet the mass is very small—less than that of the
smallest planet. That the matter in a comet is very thin is
proved by the fact that a faint star viewed through the head of
the comet does not seem to losc any of its brightness.

In the centre of the head is sometimes scen a bright, star-like
point ; this is known as the nucleus. It probably contains
pieces of solid matter widely separated from onc another. In
a cubic mile there is, on the average, probably not more than
half an ounce of solid material. As the comet approaches the
sun the heat causcs these solid bodies to give out gas accom-
panied by fine dust.

The tail consists of very fine particles which are expelled from
the head and driven away by the sunlight, which exerts a pres-
sure upon them. By comparing photographs taken at short
intervals, as those in Fig. 97, it can be seen that the matter in
the tail is moving away from the head. Indeed, in Halley’s
comet a portion which started from the head was observed for
over two weeks. When it was 800 miles from the head its
speed was six-tenths of a mile per second, but when at a dis-
tance of 8,400,000 miles it was travelling at the tremendous
speed of 57 miles per second. It is thus evident that a comet
is continually losing its material, and, since there is no means
that we know of by which it recovers any, it will in the end
disappear.

The spectroscope has shown that in a comet there is nitrogen
gas, and also the poisonous gases carbon monoxide and cyanogen,
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Fra. 98. A PHOTOGRAPH OF HALLEY'S COMET

In this prcture we see the records left by four different kinds of celestial objects. The
great comet, with a portion of 1ts tail apparently breaking out and rapidly lying away,
18 the chief feature. Then the bright round object at the rnght-hand side 1s the planet
Venus. Also note a faint straight oblique streak about an inch above the comet’s
head : this 13 a shooting star. And the fixed stars cover the background of the sky.
This pricture was taken on May 13, 1910, and the exposure was thirty-six minutes.

Photograph by E. C. Slipher, Lowell Obseriatory
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but, though the earth has on several occasions passed through
the tail of a comet, no ill effects were noticed.

Shooting Stars

Shooting stars such as that one recorded in the photograph
(Fig. 98) are familiar to all.  Usually there is a faint streak of
light in the sky, which lasts but a moment and is gone.

These streaks are due to bits of matier, perhaps like grains
of sand, which are rushing through space and happen to come
into our atmosphere. Through the friction against the air
they become white-hot and probably burn up.

Some persons wonder how a grain of sand can possibly con-
tinue moving through space with a speed of several miles per
second. It seems natural for a great planet to do so, but not
for a wee particle of stone. Remember, however, that out in
free space, far away from the earth or any other planet, there
is nothing to stop the motion, and so a body, whether large or
small, travels forward uncheched.

A Great Fire-ball

Occasionally something bigger than usual comes along— per-
haps a rock a foot or more in diameter - and as it ploughs its
way through the atmosphere it makes a great display. In this
case it is called a fire-ball : and a remarkable one is shown in
the photograph reproduced in Fig. 99.  An astronomer named
Klepesta, at Prague in (‘zecho-Slovakia, was taking a long-expo-
sure photograph of the stars on the night of September 12, 1923,
when at 11 r.v. a brilliant fire-ball moved across the sky and
left its mark upon his plate.

It fell slowly, like a burning sphere, the brightness con-
tinually increasing, and it was followed by a train of yellow
luminous powder which lasted for about ten seconds. When
the fire-ball, as it was seen projected against the sky, appeared
to be near the great nebula in the constellation Andromeda
(seen at the right-hand side of the picture) it exploded like a
rocket and lighted up the whole country about. You can see
the double streak made by the two pieces.

Other persons also saw this wonderful meteor, and from all
the observations made upon it it was possible to compute just
where it was and how it was moving. When the body was first
seen it was eighty-five miles above the surface of the earth, and
after travelling fifty-five miles, at the rate or thirty-seven miles



COMETS AND METEORS

F1a. 99. A PHOTOGRAPH OF A FIRE-BALL

Very seldom has such u brilliunt fire-bull been photographed.  'The wider portions of
the trail wero probably produced by successive explosions in the meteor as it sped
along through tho air at the rute of thirty-seven miles a second. This photograph was
takon at tho National Obsorvatory of (‘zecho-Slovakia.

DPhetograph by J. Kl pesta, Prague, Czecho-Slovakia

per second, it disappeared at a height of thirty-five miles above
the earth. Only seven and a half miles of its path is on the
photograph, and at that time its height was fifty miles.

Fig. 100 shows another fine picture of a bright meteor, obtained
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by W.J. S. Lockyer, an English astronomer, while photograpk.-
ing the polar stars on November 16, 1922.

Sometimes these bodies fall to the earth, in which case they
are called meteorites. Many have been found, and can be seen
in our museums. Some are almost solid iron, but generally
they are of a stony nature.

F1c. 100. A METEOR AMONG THE POLAR STARS

This interesting photograph was obtained at the Norman Lockyer Observatory,
Sidmouth, Devon, on November 16, 1922, Exposure 2 hr. 14 min.

Photograph by W. J. 8. Lockyer



PART 111
THE UNIVERSE OF STARS

(HAPTER IX
THE STARS IN THEIR SEASONS

HERE is much yet to learn about the solar sys-
tem, but we cannot longer delay. We must now
turn from our own family affairs to look into the
great celestial world beyond.

You are all accustomed to studying maps of the

a4 carth’s surface, and you know that onec map may
Capricornus' | cover only a small portion of the country, such
== as a county or a manufacturing district, while
another may include an entire continent. So it is with maps
of the sky. Some include large areas, while others take in single
constellations or perhaps even a portion of one.

There is one thing which you must always remember, how-
ever. We view the carth from the outside, but the celestial
sphere is scen from the inside. Its mner surface seems to be
studded with stars.

The North Polar Stars

Let us now study some maps of the sky. Those which we
shall take up first will cover large portions of the celestial sphere.
Our first map (Fig. 101) contains the stars which you see when
you face the north and look upward toward the Pole Star. On
any clear night these stars can always be seen by a person in our
middle northern latitude, but they are not always in just the
same positions. They seem nailed to the sky and continually
revolving about the pole of the sky, making a complete revolu-
tion in a day. Their positions vary with the seasons, too. In
the autumn in the early evening the Plough or Big Dipper is
seen below the Pole Star ; in the spring at the same hour it is
above it.

In ll‘ig. 101 the stars are shown as you see them in the sky ;

187
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on the opposite page is a key (KFig. 102) giving the names of the
constellations and of the bught(- stars. Round the circum-
ference of the key are the names of the months. You notice
that ‘ November ’ is at the top. The map as you are looking

Fra. 101. Tuc CIRCUMPOLAR STARS, AS SEEN IN THE SKY

This churt shows the positions of the North Polar Stars at about 9 e.m. 1n November.
Their positions s1x months later will be seen whon the chart 15 turnod upside down.
In the spring the Plough, o1 ippet, 1s ubove the Polc 1n the carly evening.

at it now shows the positions of the stars at 9 P.M. in November.
To find their positions at the same hour in any other month,
turn the map until that month is at the top.

The Great Bear and the Little Bear

The star very near the centre of the map is the Pole Star,
usually called Polaris by the astronomer. Some distance below
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it is the Plough, or Dipper, which is part of the constellation

Ursa Major (the Ureat Bear). The shape of these objects is

traced out by seven bright stars. In star maps it is customary

to denote each bright star by a letter of the Greek alphabet ;
Novemaep

@ n " — ! ¢
ot 7 waawowany

-
P

Fic. 102, KLy 1o Fra. 101, «1vine NaMLS OF TUE ('ONSTLLLATIONS

Tho posttions of the stars at 9 2. durning any month 15 miven by holding this key
0 that the name ot the month 1s uppermost.

but in this map only the first two letters, a (alpha) and B (beta),
are used. « and B of the Great Bear are named the ‘‘ Pointers.”
They arc about 5° apart. 1f you draw a straight line from 8
through a and extend it about 30° beyond a it will come almost
to the Pole Star.
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The ancient Arabs gave the name Dubhe to « and the name
Merak to 8. They also called the star at the bend of the beam
of the Plough, or the handle of the Dipper, Mizar. If you look
sharply you will see near it another faint star. 1t bears the
name Alcor.

The stars in the Plough are said to be of the second magni-
tude. There are about twenty stars in the sky which are de-
cidedly brighter than these, and they are said to be of the first
magnitude. After them come stars of the second, the third,
and other magnitudes. The very faintest stars which you can
see on a clear night out in the country when there isx no moon in
the sky are of the sixth magnitude. In the city you can hardly
see anything below the fourth magnitude.

Before the telescope was invented (1608), of course, no stars
fainter than the sixth magnitude were known, but since then
much fainter ones have been shown to exist, and as telescopes
have increased in size fainter and still fainter stars have been
revealed. The giant instruments now in use will show by
visual observation stars of magnitude 19, while by means of
photography thev go down to magnitude 21. It requires 100
million stars of magnitude 21 to give as much light as a single
star of the first magnitude—for instance, Altair or Aldebaran.

Remember that the word magnitude as used here does not
refer in any way to the size of the stars, only to their brightness.

Return now to Polaris. It is at the end of the long tail of
Ursa Minor (the Little Bear). When the stars are in the
position shown in Fig. 101 the bear is standing on its head.
Polaris is of the sccond magnitude. The two stars of this
constellation next to Polaris in brightness are in the right
shoulder and foreleg of the animal, and are known as the
‘ Guardians of the Pole.” The brighter one is of the second,
the other of the third magnitude.

Cassiopeia and her Neighbours

On the other side of the celestial pole from Ursa Major is
the constellation Cassiopeia. Five of its chief stars form a
sprawling M, or a W turned upside down. Three of the neigh-
bouring constellations are named .Cepheus, Andromeda, and
Perseus. These names are all well known in the old mythology.

According to the Greek legend, Andromeda was the daughter
of Cepheus and Cassiopeia, who were the King and Queen of
Ethiopia. Cassiopeia having boasted herself to be equal in
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beauty to the sea-nymphs who constantly waited upon Nep-
tune, the god of the sea, that august person became angry, and
to punish the King and Queen he sent a great flood upon the
land, and also let loose a great sea-monster which destroyed the
people and the animals of the kingdom. Neptune let it be
known that no relief would be given until the King gave up
his daughter to be torn to pieces by the monster. So the luck-
less lady was taken to the shore of the sea, chained to a rock,
and left there to her fate. Shortly after this a fine young man
named Perseus, who was returning home from a wonderful vie-
tory over the fabled Gorgon, saw Andromeda in her sorry plight,
slew the monster, set her free, and then married her.! The
ancient people imagined that they could trace the shapes of
these fabulous persons in the stars, but modern observers fail
to sce anything of the kind.

Between Ursa Major and Ursa Minor is Draco (the Dragon).
The tip of its tail is not far from the line running from the
Pointers up to Polaris. Stretching from there the long body
is traced out by a series of comparatively faint stars. As we
follow along its course we pass over a coil in the body, and
at last come to the head, which is not far from the constellation
Hercunles.  The head is marked by four stars forming an irregu-
lar four-sided figure. The brightest of these four stars (which
is the one farthest from Polaris) is denoted by the Greek letter
v (gamma). As the sky turns about its axis every day this star
comes almost directly over London, and some very important
observations were made on it by James Bradley, who was
Astronomer Royal from 1742 to 1762, the third to hold the office.

Another notable star in Draco 13 a, or Thuban, which is mid-
way between Mizar and the Guardians. Some 4700 years ago
it was our Pole Star. At that time Polaris was much farther
from the celestial pole than it is now.

With a map like this one it is easy to pass from these con-
stellations to the others and thus to identify them all. Great
pleasure may be had in tracing them out.

The Equatorial Stars—The Stars of Winter

Let us now face the south and study the stars contained in
a wide belt along the celestial equator. This belt is long, since
it runs completely round the celestial sphere, and we shall con-
sider it in four parts.
1 The story is well told in The Heroes, by Charles Kingsley.
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We shall begin with the winter stars, as they are the finest of
all. In the map in Fig. 103 the stars of winter are shown, while
in Fig. 104 isx a key to the names. The straight line across
the latter is the celestial equator, while the curved broken line
is the ecliptic, which, you remember, is the path in the sky
which the sun appears to follow.

Fia. 103. T WINTER SIARS

The sun moves (from right to left) along that portion of the
ecliptic which is shown here during the interval from April 7
to September 7; and midway between these two dates—that
is, on June 21—it is at that point which is highest above the
celestial cquator.

Think of a plane which passes through the celestial pole, the
point directly overhead (the zenith) and yourself, the observer.
It will also pass through the N. and S. points of the horizon.
This is your meridian plane. It cuts the celestial sphere in
a great circle, and this circle is the observer’s meridiun. When
the sun, or any other heavenly body, is on this circle, it is
said to be ‘on the meridian.’

At the top of the key-map (Kig. 104) are the names of the
months. The stars under the name of a month are on the
meridian at about 9 p.M. during that month.

The most prominent winter constellation is Orion, whom the
ancients represented as a mighty warrior. We shall see his pic-
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ture a little later (Fig. 117) The three bright stars almost in
a straight line and about 1}° apart are in his belt. They are of
the second magnitude. Thon 8° north of the belt is a fine red
star named Betelgeuse. 1t is of the first magnitude. Ten
degrees south of the belt is a splendid blue-white star which
bears the name of Rigel. It also is of the first magnitude. The
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constellation of Orion is the finest in the entire sky. 1t is the
only one which contains two first magnitude stars.

The Great Dog, the Bull, and the Twins

Next continue along the belt to the left about 20° and you
come to Sirius, the Dog Star, in the constellation of Canis Major
(the Great ])og) Tt is the bnghtost star in the heavens. Then,
following the belt to the right about 20°, you come to Aldebaran,
a red star of the first magnitude in the constellation Taurus (the
Bull).

Orion is just on one side of the Milky Way. On the other
side, hlghor than (that is, north of) and to the lcft (that is, cast)
of Orion is the constellation Gemini (the Twins). The two
brightest stars in it are Castor and Pollux. The former is of
the second magnitude, the latter of the first. Travelling from
Castor through Pollux and swerving a little toward Orion, you
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reach Procyon, a bright, first-magnitude star in Canis Minor (the
Little Dog). Some distance to the left of the line joining Pollux
and Procyon, and forming a great triangle with these two stars,
is Regulus—in Leo (the Lion). Regulus is also a first-magni-
tude white star, and is almost exactly on the ecliptic. Regulus
and five more stars in Lco form the Celestial Sickle.

F1g. 105. THE SPRING STARS

The other stars on the map can easily be located in the sky
by working from those which we have spoken of.

The Stars of Spring

In the next map (Fig. 105) we have the stars of spring. Their
names are given on the key-map (Fig. 106).

In March the constellation Cancer (the Crab) is in a good
position to be seen, but it has no bright stars in it. About
half-way between Pollux and Regulus is a cluster of stars which
is named Preesepe (the Beehive). It is interesting to try to find
it. On a dark night it looks like a small, nebulous cloud, but
an opera-glass or a small telescope reveals a host of separate
faint stars. It is a coarse cluster, and we shall see a picture of
it later (Fig. 135).

In April and May Virgo (the Virgin) is easily located. It
contains one bright white star named Spica, which is near the
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ecliptic and about 10° south of the equator. This star Spica is
a very great sun. According to the best measurcments, its
distance is 360 light-years—that is, light takes 360 yecars to come
from it to the carth. We see it as it was 360 years ago. We
receive from our sun many million times as much light as we
do from Spica, but that is simply because the latter is so much
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farther off. Tndeed, if it could be placed at the same distance
. as our sun it would give us 3000 times as much light.

But the most notable of the stars which come to us in the
spring is Arcturus, the chief attraction in the constellation
Bootes (the Herdsman). This is one of the first stars to which
a name was given, and it has been an object of interest and
admiration from the earliest times. It is mentioned by the
Greek poet Hesiod, who lived 800 years before Christ.

On March 1 Arcturus rises in the east at about 8 p.M., and as
it rises four minutes earlier each evening at the end of the
month it comes up as the sun goes down. At that time it is
visible all night long, and is a prominent object even when the
moon is full.

Arcturus is 41 light-years from the earth. It is called a fized
star, but careful observation of its position shows that it is
moving on the celestial sphere and that its speed is 85 miles
a second. Yet, on account of its great distance, it will require

K
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800 years for it to be displaced the width of the moon. In
very reeent years its diameter has been measured. 1t s
25,000,000 miles—thirty times our sun’s diameter- and it gives
out 105 times as much light as the sun.

Perhaps you will recall some of these remarkable facts when
neat yvou gaze into the face of Arcturus.

The Stars of Summer
We now come to the stars of summer (Figs. 107, 108).  One

Frg. 107. Tur St MvER S1ARS

of the constellations seen at this season is Lyra (the Lyice or
Harp), and though small it has some very interesting features.
This is the lyre on which, according to ancient myth, Orpheus
played such sweet music that the wild beasts became tame, and
the rivers, trees, and rocks moved toward him. By it also he
so softened the stony hearts of the keepers of the lower world
that they permitted his dead wife Eurydice to return to carth
with him. After his death his lyre was placed in the sky.

The gem of the constellation is Vega, a splendid blue-white
star. In the middle northern latitudes it is almost overhead
in the carly evening at the beginning of August. Of all the
stars visible in the northern hemisphere Sirius is the brightest
and Vega is next, though it is followed closcly by Arcturus and
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Capella. Vega and five other stars form a little cquilateral
triangle and a parallelogram, which are easily recognized.
Between the two stars of the parallelogram farthest from Vega
the Ring Nebula (Fig. 125) is located, but it cannot be seen with
the naked eye.

It has been proved that our whole solar system is moving
through space at the rate of 12 miles per second, and that its
course is directed toward the constellation Lyra.

East of Lyra is (‘vgnus (the Swan). It is sometimes known
as the Northern (‘ross sinee five prominent stars in it trace out

wioBtR ) i’.'n""“""'}rq-[ GusT g"l YLy e { I‘&,.Juwe n| May W

Ari0e0
ol 5’( ﬁr_:vm‘ \.\/é,,m. {40

N Boores
R "ORON.
w} Crorus \a vea W ! B, 130
ERLUL \ )
Acgimso \ Gemna
201prGasus Y 4 20
OELPHINUS \s‘)"c:rn A A8 unbs
NG .
[} SEAN ~ _\ 4 10
N / ALTAM? 5/
Afuua .
> - .
] — - —- - === &
R -~ :‘.% Opriuciys o' | °
Aqumu:,-\ AN o .
L .
R S . \

'/

Lia .-
J
sy

. Jait - -
20 &) (.:lmm-alm;./~ ~~~~~ .. UL 2 -20
%«"’* ~ (,';/“" T o . >

. 2
Pizgy 7 Rirs - 1.
Zﬂbﬂ;\us — SAGITTARIUS «-,"0 30"
L‘ 1 L . L J_‘ 1
2r

L
208 ah qh 17h L 18 14h

Fra. 108, Ky 10 riL SUMMER CONSLETTATION

a distinet cross.  The Northern (ross is in the midst of a bright
portion of the Milky Way. The star at the head of the cross
is called Arided (or Deneb). It is one of the most remote of the
bright stars, being probably over 600 light-years distant ; and
it gives out, it is believed, 10,000 times as much light as our sun.
The star at the foot of the cross is named Albireo.

Between Lyra and Bootes are Hercules and (‘orona (the
Crown). In Hercules four stars, not very bright, form a
Flowerpot or a Keystone. In one side of the *pot’ is a faint
star which you can just see with the naked eye. In a small
telescope it looks hazy, and you hardly know what to think
of it. 1n a large telescope it looks like a magnificent cluster
of jewels. There are photographs of it elsewhere in the book
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(Fig. 135 and frontispicce). Arcturus is still a fine object in
the sky.

Down near the equator is Altair in Aquila (the Eagle), and
much farther south is the red star Antares in Scorpio (the
Scorpion). This star is believed to be four hundred million
miles in diameter !

The Stars of Autumn
Lastly let us look at the autumn <ky (Figs. 109, 110).

Fra. 109, THL At rtMN STARS

Lyra and Cygnus can still be seen, somewhat west of the
zenith—the point in the sky directly overhead. High in the
southern sky is Pegasus, the winged horse ridden by Perseus
when he went out to tight the fierce monster which intended to
destroy Andromeda. There are four bright stars which form
the Great Square of Pegasus. Actually one of these is in the
adjoining constellation of Andromeda. It bears the name Al-
pheratz. The two other chief stars of Andromeda are named
Mirach and Almaach. These three are nearly in a straight line.
The Great Square rescmbles the body of a kite with the three
stars of Andromeda as tail. Indeed, the tail may be extended
to Marfak, the brightest star in Perseus. About 10° west of
Mirach (near the letter £ in “ Andromeda » in Fig. 100) is a
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wonderful objeet known as the Great Nebula in Andromeda.
We shall have a photograph of it later (Fig. 121).

To the east of Andromeda is Perseus, which contains a re-
markable star named Algol, an Arabic word for ¢ the Demon.”
This star is usnally as bright as the Pole Star, but every sixty-
nine hours it loses three-fourths of its light, and iy a few hours
recovers it again. It does this with perfeet regularity. In
this star are two bodies, a bright one and a dark one, revolving
about each other. During every revolution the dark one comes
in front of the bright one and shuts off three-fourths of its
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hght ; but as soon as the partial eclipse is over the bright one
shines as usual.

About 45° southward from Algol is a star in Cetus named
Mira. Now mira is the Latin word for ‘ wonderful,” and a
wonderful star it is.  Usually it is too faint to be seen with the
naked eye, but every eleven months it becomes almost as bright
as the Pole Star. No satisfactory explanation of this star’s
behaviour has been given.

Still farther south is seen on October and November evenings
a white star in Piscis Australis (the Southern Fish) which bears
the name Fomalhaut. It is so far south, being 30° below the
celestial equator, that it is above the horizon only a few hours.
There are no bright stars near it, and so it is easy to identify it,



CHAPTER X
TIHE NUMBER OF THE NTARN:; THEIR DISTANCES—
THE NEBUL B

The Number of the Stars

| HEN. out in the country and away from the city

lights, you stand under the open sky on a per-
" | feetly elear moonless night, the stars seem count-
Iless in number.  But are they really countless ?
' One way to test this is to choose some definite
area of the sky, such as the Bowl of the Dipper
or the Square of Pegasus, and actually count
the number of stars in it.  You will find there
are comparatively few.

The stars visible to the naked eve have been counted by
several astronomers, and the number is about 6000. Now one
can see only half of the celestial sphere at any time, and hence
about half of this number, or 3000, will be above the horizon
at any moment. Also, the haze in the atmosphere near the
horizon always prevents the faint stars there from being seen,
and so it is probable that not more than 2000 can be seen at
one time by the unaided cye. In a city, where the lights of
the streets and houses add to our difficulties, it is doubtful if as
many as 1500 can be scen at once.  That is far from countless !

A simple opera-glass enables one to see at least 100,000, while
our largest telescopes show probably more than 100 million,
and long-exposure photographs reveal many more. There is
certainly an enormous number of stars, but not an ¢nfinite num-
ber—that is, & number which cannot be caleulated.

" Aquarlus

Stars seen with the Naked Eye and with a Telescope

About seventy-five ycars ago a German astronomer, Argel-
ander, made chartd ot all the stars north of the celestial equator
which he could see with a telescope 7 em. (approximately 2§ in.)
in diameter. There were 324,198 in all. In Fig. 111 is shown
a portion of one of his charts. It covers an area 8° square, and
includes 1442 stars. The two small squares in Fig. 112 show

150
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the stars which can be seen in the same area with the naked
eye.  In the right-hand one are those which can be seen on a
clear, moonless night if vou are out in the country—twenty-four

Fra. 111, STARS SEEN WIFH A SMALL 'T'ELESCOPE

This 15 a portion of one of the famous star-churts made by Argelander, a German
astronomer. 1t shows all the stars visible m this part ot the <ky with a 27-nch tele-
seopo. 1t comprises the northetly portion ot Onion, the three bright starsin‘the giant’s
belt hemyg seen at the bottom. This portion 15 8 square, and henee the area 1s 64
squure degrees.t 1t contuins 1442 stars, an average of 221 to a square degree.

stars. In the left-hand one are those wi.sh can be seen out in
the country if the moon is full, or in the city with its bright
lights in the street and houses—only eight stars! In Fig. 113
is shown a photograph of this same part of the sky. The white

1 A square arca of the shy with sides 17 in length is a square degree.
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frame marks off the area included in Fig. 111, and it is simply
impossible to count the stars which are in it. Notice that the
sky all about here is filled with a nebulous haze.

The stars in these pictures are those in the Belt of Orion and
in the space just north of it. The three stars in the Belt are
at the bottom. It is interesting to pick out those stars in Figs.
111 and 113 which can be seen with the unaided eye.

In some parts of the sky the stars are much more numerous
than in others. 'This is especially marked in the Milky Way,

Fic 112 Tur SAME AREA 0} THE SKY SEEN WIH 1H¢ NAKLD EyE

These two hittle squares show the stais which ean be seen with the nuked eyo in the
same space as covered by Fig. 111. Right thost scen m the country on a clear,
moonless night—twenty four stars  Teft  those scenin the aty with its artificial
hghts or 1n the country at full mmcon—ught stars

the faint band across the sky which has been referred to already
and which is familiar to all.

A Picture with Half a Million Stars in it

In Fig. 114 is shown a portion of the Milky Way in the con-
stellation Sagittarius, which is south of the equator. The
original photographic plate was 14 by 17 inches in size, and on
it some 2,000,000 stars were recorded ; on that part of it in
Fig. 114 there are 500,000 stars.

In Fig. 115 is another poition of the Milky Way. The stars
at the centre seem packed together so closely that they form
a white cloud. Note the two bright streaks—one at the top,
the other at the bottom. They were produced by two shooting
stars which happened to come along while the astronomer was

taking his long-exposure photograph.
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Some of the Constellations—The Nebulze

We have already learned how to pick out the constellations.
Let us look at a few of them more closely.

¥1a. 113. A PHOTOGRAPH OF THE STARS SHOWN IN Mias. 111, 112

This 18 a photograph of u part of the constellution of Ouon, tahen with a lens
designed by Ross, with a diameter of 3 mches und focal length of 21 inches.  The
exposure was five hours. The urea within the white frame 1s tho same as that in the

revious cases. It 13 sumply impossible to count the sturs  surely there are-200,000 at
enst ! Notico al-o the nebulous matter which seems to fill much ot tlns counstellation.
The bright*star half an mch from the bottom and an inch fiom the right-hand edge

18 Ragol. Photograph by ¥. L. Ross, ¥erkes Ob eratory

The Great Bear

One of the best known is Ursa Major (the Great Bear). 1n
Fig. 116 the stars in this constellation visible to the naked eye,
and also the animal as the ancient astronomers pictured it up
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Fia. 111, A PHoTogRAPH SHOWING HALF A MILLION STARS

The portion of the Milky Way covered by this photograph i1s in the constellation of
Sagittarius. The size ot the origmal negative was 14 by 171inches. 1t covered an area
of 65 squuro degrees, and each of these contammed about 45,000 stais, or a total of over
2,000,000 on the entire plate. The present preturo 1s a portion of the ongmal, covers
about 22 square degrees, and contamms over 500,000 stars.

Harirard Obseriatory photogruph
in the sky, are shown. Anyone who can sec the form of a bear
in these stars must have a lively imagination.
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Kig. 115. STaAR CLoups IN THE MiLky WAy, wiTH Two METEORS

"This denso star cloud is in the southern purt of the con~tellation Aquila. The photo-
gruph was taken on Mount Wilson, (‘alifornia, with the 6-mch Bruce telescope of the
Yerkes Obsorvatory. The exposuro was 2 hr. 40 min. Note the two bright trails
mado by meteors which eame along during the long exposure and left their murks on
the photographic plate.

Lhotograph by Barnard

You notice that the Dipper, or Plough, is only a small part
of the constellation, the handle of the Dipper being the tail of
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the Bear. Why the Bear is represented with a long tail it is
impossible to say.

VENATICI
unting Hounds)

__teominor|
(tesser Liom)

Fra. 116. Tur ConsTEITATION UrsA MATOR (THY GREAT Biar)

The animal 15 drawn 15 the ancent astronomers mmagmed they could sco it The
Plough, or Dippor, 1s only & sml part of the constcllation A scattcrcd group of
amnall stary 15 at thc head of the bear, while pais ot stars mark out thiee of 1ts paws
The two outer stursof the  bhowl’ arc the Pointers  T'ho uppor one (as scen in the
pieture) 15> called Dubhe, tho othar Merak  The star ut the bend of tho handle 13
Mizar, and the httle star very ncar 1t 19 Alcor, *¢ the 1ider on his horse

Orion

In the case of Orion (Fig. 117) the great giant scems to fit in
among the stars somewhat better. Notice the three bright stars
in the belt from which hangs his sword. There are many fine
stars in this constellation. The brighteyt is Rigel, which is pearly
white. It is in the giant’s left foot. It is 540 light-years
distant, and gives out, it is estimated, 17,000 times as much
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light as our sun. Betelgeuse is next in brightness, and is
orange red in colour. It is in his right shoulder.

In recent years astronomers have succeeded in measuring
the diameter of Betelgeuse, and the result is astonishing.
The diameter is 240 million miles! If the whole solar system

Fra. 117 THE ('ONSTELLATION ORION

Onon 1~ the fimost constdlation in the shy  The grant stands wath his elub ready to
dinve back the Bull  In his night shoulder 1s the grant red star Betelgeuse, 240,000,000
miles in diamcter  In s Icft hand he hold  up the lion skin, traced out by a curving
hino ot stars  In lus o ft shoulder 1s the white star Bellatiiy, and m s left foot 15 the
blue whito star Rigel, a great sun 17,000 tunes as lnmmous as our sun. . Noto the three
starsm tho Balt moa straight line and abont 1} apat.  They are sometimes known

as the “Ell and Yard ™

could be carried away and placed with the sun at the centre
of Betelgeuse the earth would be 30 million miles within its
outer surface and Mars would move along the surface of the
star ! But remember Betelgeuse is composed of thin gas.

The white star in Orion’s left shoulder is Bellatrix. "Three stars
are in his left jaw, while some ten stars in a curved line trace
out the lion’s mane which he holds as a shield on his left arm.

Note the little circle on the sword. This shows the position
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Fig 118. THE GRrAT NEBULA IN ORION

This wonderful object 15 m the sword hanging from Orion’s belt, at the place mathed
by a httle cirdde 1n kg 117 The dark markings shown in this fine photogruph are
probably clouds of dust obscuring the bright surface hehind them.  The nebula 19
believed to be at least 600 hight years distant.  Tlns photograph was taken on Novem-
ber 19, 1920, with an oxposure of threo hours.

Photograph uith 100 wnch telescope, Mount Walson
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of a remarkable object. With the naked cye it looks like a
star, in a field-glass it looks like a hazy spot, but in a large
telescope or in a good photograph it is simply wonderful. In
Fig. 118 is a picture of it.

This object is called the Great Nebula in Orion. Nebula is
a Latin word for ‘ cloud.” This nebula has no regular shape,

ERIDANUS
(River)

Fia. 119. Tur CoNSTEILATION TAURCs (THE BrLrn)

The fiereo benstas charging down upon Orion, Tnats nght eyesthe ble zing red ~tar
Aldebaran This nughty sun s fitty seven hght-years away, s receding from out
system at the rate of 51 mules per second, and 1t hus a diameter of 32 milhon miles.
It 15 the ehief staran the V-<haped group ecalled the Hyades.,

but spreads out in all directions in great curved sheets and
irregular masses.  What isit made of ¢ There is much hydrogen
gas in it, and also much gas of a sort not yet fully understood
by our earthly chemists.

Taurus

You remember Orion had a big club in his right hand. He
has it drawn back ready to defend himself from the great Bull
which threatens to charge him (Fig. 119). Notice the large star
just at the Bull’s right eye. That is Aldebaran. On the Bull’s
neck is a little group of six stars. It bears the name of the
Pleiades. These stars have been observed in many widely
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separated countries for thousands of years. From the earliest
times they were used to regulate the calendar and to deter-
mine the times of religious feasts by the natives of Peru, India,
Australia, Egypt, and many other countries.

Though the individual stars are faint and not easily seen, the
group is conspicuous and at once attracts the attention. Itis

DISCE.“
fishes) ",

Fig. 120. Tur CONSTEITATION ANDROMEDA

This constellation 15 recognized by i1ts three bright stars almost mn a stramight line.
a (or Alpherats) 15 at her head, 8 (Muach) 15 at the left wide of her waist, and vy
(Almaach) 15 1t the edge of her skitt, near tho left toot. The cirele at the nght side
of the waist shows tho position of the Grent Nebuln,  Just to the north s (fassiopeia,
the mother of Andromeda. Also note the Triangle just below.,

well seen in the autumn, as it rises in the east, or in the spring,
as it sets in the west.  We shall have some photographs of it
later (Figs. 133, 134).

Tennyson has, in Locksley Hall, a very striking and true de-
seription of this famous little group :

Many a night | saw the Pleiads, rising thro’ the mellow shade,
Glitter like a swarm of fire-flies tangled in a silver braid.

Andromeda

Here is poor Andromeda chained to the cruel rocks (Fig. 120).
The bright star near her left car is Alpheratz, the one at the
left side of her girdle is Mirach, while Almaach is at the edge of
her skirt. About 10° above Mirach, near the right side of her
girdle, there is a little circle. This marks the position of another
of those strange nebule. In Fig. 121 is a photograph of it. This
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Fia. 121. THE GREAT NEBULA IN ANDROMEDA

This may clearly bo seen to be a nebula with the naked eye, and 1f 13 u fine object
in the telescope. Lt 14 3° across —s1x times the diameter of the moon. Its distance
19 estumated to be 850,000 light-years, and 1ts diameter 45,000 hight-years. It 18 per-
haps as large as our entire Milky Way, and may be an ‘*1sland universe ™ by itself.,
The separate stars apparently scattered over the nebula are m tront of it. This
nebula 1s a spiral, seen obliquely. It was photographed with the 2-foot reflector, with
an exposure of four hours.

Photoqraph by Itatchey, Yerkes Obseriatory
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is the Great Nebula in Andromeda. It is the only one which
can be recognized as a nebula by the naked eye. This famous

F1c 122 Ture SPIRAL NEBULA IN THE TRIANGLE

This 18 a faint object, and 1t 1emarkable shape and beauty can be revealed only in a
photograph  [t13 a spiral ~een full fuce. The nebulous patches m the armns are inter-
mingled with stars, indeed, 1t 13 believed that the nebulous matta 1s condensing to
form stars. Itisabout asdistant as the Andromeda Nebula, and 1ts diameter 1s about
15,000 hight-years. The photograph was taken with the 60-uch reflector, with an
exposure of eight and a-half hours.

Photograph by Ritchey, Mount Wilsun Obseratory

object is well placed for observation during the evening, in the
eummer in the east and in the winter almost overhead. In
a field-glass it looks like an oval patch of bright cloud, and
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its true beauty and magnificence is revealed only by photo-
graphy. This is a fine picture of it.

Is this nebula also composed of gas ? The spectroscope says
no. Indeed, there is reason to believe that it is simply a multi-
tude of stars, and that it is probably as large as our Milky Way,
but so far away that it looks like a little cloud in the sky. It is
approaching our system at the rate of 200 miles per second.

The Triangle and its Nebula

Just next to Andromeda is a small constellation named the
Triangle, which contains another famous nebula. This nebula
is shown in Kig. 122, and is a lovely spiral. Here you can see
the central nucleus and the two arms running out from opposite
sides of it. It looks much like a (‘atherine-wheel spinning round
and throwing off sparks  Surely this nebula is rotating ! And
how long will it require to turn completely round ¢ About
160,000 years !

Other Spiral Nebula

Here is another fine spiral (Fig. 123). It is in the constella-
tion Hunting Hounds, and is not far from the end of the handle
of the Dipper. As before, there are two arms starting out
from the great central nucleus and winding themselves about it.

This nebula cannot be seen with the naked eye, and through
even a good telescope its form cannot well be made out. But
what a beautiful object the photograph shows it to be! This
one also has been examined for motion, and its period of rota-
tion has been given as 45,000 years. It is moving as though
to wind up the arms—the top is moving to the right—the
reader’s right as he looks at the illustration.

We arc looking directly at these last two spirals. The nebula
in Andromeda is seen with face turned somewhat from us, but
Fig. 124 shows a spiral with edge turned toward us. In this
position it looks quite thin. The nucleus, we see, is nearly
spherical, and the dark streak down the middle is the very edge
of the nebula. Slipher, at the Lowell Observatory, has shown
that this nebula is moving away from our system at the rate of
625 miles per second.

There are thousands of these spiral nebule in the sky all at
immense distances. They seem to be the common typejof
nebula. The thoughtful mind cannot but wonder how they
were made and what they will become.
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Fia 123. Ty * Wairtpoor," Nusura v tnE Hunimna Houaps
A famous spural looked at directly. Note the bright central nucleus with the two

urmy running out from opposite sides of 1it.  These ure composed of nebulous matter
and star~  The spual nature of this object was first detected in 1845 by the Earl of
Rosse 1 his tumous 6 foot reflector, but not until photographs of 1t were tuken by
morlern telescopes did we find out the details of 1ts structure.

Photograph by Humason, 100 1ach telescope  Mount W dlvon Obsertatory
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Fia. 124, A SPIRAL NhkBi LA SkeN EbgL oN

Lius stiange object 15 m the mconsprcuous constellation known as Betenice’s Harr,
between Bootes and Leo  The photogiaph shows 1t to be a spual nebula viewed
edgewise  Note the brght nueleus which 15 evudently <haped hke a ball. The
datk band through it 1« without deubt the edge of the nehula, ot one ot the atm~n
front of the bught nucleus. The photograph was taken with the 60.mch reflector
and the exposure was five hours.

Photograph by Rutchey, Mount Wilson (Jysertatory
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Other Kinds of Nebula

There is another style of nebula found in Lyra (the Harp) A
small telescope shows its shape very well, but a photograph

Fia 125 The Rine NuBurA IN LYRA

This nchuln 15 hetween the stars 8 and vy of Lyta, and can bo seen with a small
telescope  Lhe central star which is so prommeont in tho photograph 14 extremely
faint visually, and can hardly be soen i a 2 foot tclescope.  The averago distance of
these hodies 14 probably ahout 100 hght yeass  Lhe nebula shown in this photograph
would almost certumly cover an aren greater than the catire solar system. The
photogiaph was taken with the 6 foot reflector of the Domunion Astrophy«ical Ob-
servatory, Victoria, British Columbia, and the exposure was thirty minutes.

Photograph by Plaskett, Victorsa, Britssh Columbria

reveals it much better (Fig. 125). It is shaped like a ring. Other
ring nebul® have been discovered, but none as fine as this one.
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Fie. 126. Tie “ NETwoRK " NEBULA IN CYGNUS (THE SWAN)
This irregular filamentary nebula is in the midst of the Milky an'. It is probably
.

several hundied hght-years away, but not so distant ns the spira Not far from
this nebuls there 13 another of the filamentary type, and photographs 1eveal the
existence of much extremely faint nebulous matter i the space about them. This
photograph was taken with the 2-foot reflector, with an exposure of three hours,

Photograph by Ritchey, Yerkes Observatory
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There are many other strange nebule, but at present we shall
look at only one more (Fig. 126). 1t is named the *“ Network "
Nebula, and is found in C'ygnus (the Swan). 1t looks like filmy
lace blown about by the wind, but you must remember that
where this nebula is located there are no air-currents such as
we have on the carth.

Fic 127, “Tur WinGs o1 ruL Morsna

Ihe light trom the naang sun strenming thirough the openings batwcen the dlouds at
the ea~tern horzon produces the fan shapod system of sunbe uns shown i this hoauata-
ful pictwe.  Lhey ate undoubtedly  the wings of the mommg  1dderncd to by the

Psalmist Photograph by Ballance adapted

The Distance of the Stars

Up to the present we have said little about the distance
from the earth of the stars and nebule. It is only m recent
years that we have been able to find out just how far they are
from us. Measuring their distances is about the hardest task
the astronomer has to undertake. It requires the utmost
skill and patience and care—all because the stars are so far
away.

We have learned that the sun is 93 million miles from the
earth, but that means little to the ordinary person : and when
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we find out that the nearest of the stars is 272,000 times as far
away as the sun, we are simply lost in the figures.
Let us try another way to appreciate what this means.

* The Wings of the Morning ”’

In the Bible there are many beautiful poetiec phrases, or
figures of speech, and one of the most striking 1s to be found

Fra, 128, FLying INFO THU SUNSLIE

Ihis 15 0 war time photograph taken at Camp Borden, Ontanio I illustrates well
the tamlia phenomenon known as  the sun drawmg witar - which 1s produced by
the sun’s ray s pussing through openings in the clouds, wnd s simular to * the wings of
the morning.”

in Psalm exaxiv: I | take the wings of the morning, and
dwell in the uttermost parts of the sea: even there shall Thy
hand lead me, and Thy right hand shall hold me.”

Now what is meant by * the wings of the morning” ¢ The
photograph in Fig. 127 explains this very well. Just as the sun
rises above the eastern horizon its beams shine upon the clouds
and pass through the spaces between them, painting them in
glowing colours and producing the straight streamers which we
se¢ here. These are ‘ the wings of the morning.”” You no
doubt have often seen something similar in the afternoon in the
western sky. The phenomenon is then often described as * the
sun drawing water ’ (Kig. 128).
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To ‘““take the wings of the morning’’ then must mean to receive
the power of travelling through space with the speed of light.

And how great is that ? Though it is extremely high, this
speed has been measured accurately. Tt is 186,284 miles per
second, or about eleven million miles per minute.

We think sound travels very quickly, but it takes five seconds
to go a single mile, and to go round the earth would take thirty-
six hours. Light, however, can encircle our globe seven times
in a single second.

Suppose then we are supplied with * the wings of the morn-
ing ” and, thus equipped, make an extended trip through
space, travelling with the speed of light and visiting some of
the wonders of the universe.

Let us start at the sun, the centre of our system. In three
and a third minutes we should reach Mcrcury, in six minutes
Venus, in eight and a third minutes the earth, and in thirteen
minutes Mars. Then we move on to Jupiter, Saturn, and
Uranus, and after four hours from starting out we reach Neptune.

We are now on the outskirts of the solar system, and we look
round us in order to choose a suitable star to visit.

We might suppose Sirius to be the nearest, since it is the
brightest ; but, perhaps remembering that an astronomer on
the earth had stated that a star in the southern skies named
Alpha of the Centaur was the nearest star to our system, we
start for it.

We go forward a full day ; it seems no brighter, it looks just
asfaroff. We go on for a week, a month—no noticeable change.
That star must be a tremendous distance away !  We continue
a year, always rushing forward at the rate of eleven million
miles every minute. We are certainly getting closer, since it is
almost twice as bright as it was at first, but it is not yet as bright
as Sirius is.

So we go on for two years, three years, four years ; it is much
brighter now, but still only a star. But at the end of four
months more it is very much brighter, and at last we are close
enough to examine it carefully.

And what do we find ? 1t is a great big, brilliant sun like
our own !

So it is with the rest of the stars. 'They are all suns—some
larger, some smaller than our sun; and doubtless some of them
have planets revolving about them, though of this we have no
certain knowledge.

As it required four and a third years to travel to Alpha of the
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Centaur with the speed of light, we say it is four and a third
light-years away.

A Cobweb to a Star

The late John A. Brashear, of Pittshurgh, the famous maker
of lenses and mirrors for telescopes, used to tell an interesting
story.

h{ the cyepiece of some telescopes it is necessary to insert a
very fine thread, or wire, to assist in making measurements,
and for many years spider-web has been used for this purpose.
The instrument-maker does not use the rather coarse webs
which we see on trees or grass covered with dew in the morn-
ing, but the fine fibre which the mother spider wraps round the
little cocoon to strengthen it and to protect the young within.
This is extremely slender and delicate. To handle it demands
care and skill.

One day a workman who had been using some of the web
weighed a measured length of it on a delicate balance, and from
this he computed how far a pound of 1t would reach. He found
that that weight of web would be 25,000 miles in length, and
that it would encircle the earth, while ten pounds would stretch
beyond the moon.

Dr Brashear then calculated how much would be needed to
reach to Alpha of the Centaur. How much do you think ? It
would take 500,000 tons ! To ship it by railway would require
a train 150 miles long, drawn by 500 powerful locomotives.

And that is the distance to the nearest of the fixed stars—
to our next neighbour among the suns of space. Sirius, the
brightest of them, is over eight light-years away; Vega is
twenty-six, while the Pole Star is 466. And there are many
beyond that !

You see, then, that the sun and its system occupies a very
small portion of space ; while in all directions, at inconceivable
distances, are the stars and nebulz.

It is a grand universe—magnificent, stupendous !
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DARK MARRKINGS—- CLUNTERS- 'THE NATURE OF
THE STARS

Dark Holes and Markings in the Milky Way

HERE are other wonderful things yet to see.

Look at the portion of the Milky Way shown in
Fig. 129. In the middle of the picture is a great,

dark, snake-like object, and a little lower and t()
the left are two other dark areas. The stars seem
V| to be absent from these spaces, and, of course, we
Pisces « | should like to know the reason w hy.

= Two explanations have been offered.  There
are multitudes of stars all round. with nebulous patches among
them, but it may be that these dark spaces are actual openings
through the star clouds, and that there are no stars in these
directions at all.  Few astronomers accept this view. They
think it more probable that there is some kind of matter—
dust or fine, dark matter of some sort—far out in the depths
of space which happens to be between us and these parts of
the Milky Way and prevents us from sceing them.  The few
odd stars which are seen in the dark areas are probably separate
individual stars which are in front of the dark matter—that
is, they are somewhat nearer to us than the dark matter is.

Here is another photograph of the same sort (Fig. 130). In
it is a remarkable mixture of dark arcas, star clouds, and bright
nebulous patches. The little portion of the sky shown in this
picture is in the thickest part of the Milky Way. What a wealth
of strange objects there are far out in space !

Another strange combination is to be found in Fig. 131.
Here we have a large, bright nebulous area, many smaller bright
patches, and several dark areas of different shapes. The large,
bright object is known as the * Pelican ”” Nebula. It is found
in the constellation (‘'ygnus, about 2° east of the bright star
Deneb (or Arided).

Perhaps the most remarkable object of all is that in the next
photograph (Kig. 132). In the sky it is found just south of the
172
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Fia 129. DARK MARKINGS IN TRE Mingy Way

The daitk portions are belioved to be due to great masses of dust (** cosmie dust ") or
other semi-opaque matter which Indes the stars behind 1t.  If a cloud of such matter
i~ near & bught star it 15 illuminated by the star-light and 19 famtly seen  From this
photograph 1t would appeur that much of this dusty material i1s scattered through the
part of space represented 1n this picture. These markings are m the constellation
Cygnus.  The photograph was taken with the 100-inch telescope, with an exposure of
two hours and forty-five minutes.

Photograph by Duncan, Mount Wilson Qbseriatory
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Fic 130 A DArRk Hork 1N THr MILkY WAy

In the telescope this spot appears perfectly black. The stars apparently seen in 1t
are really in front ot the dark matter which producesit  The photograph was taken
with the 100 inch telescope, with an exposure of four hours

Photograph by Duncan, Mount W ilson Obsercatory

most easterly star in the Belt of Orion. It is known as the
“ Dark Bay ”’ Nebula. This great dark mass completely hides
the stars behind 1t, and you notice that its edge is faintly
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Fia. 131. THE ‘ PELICAN ' NEBULA

The portion of the sky shown n this photograph 13 sbout 3° east of the atar Deneb
in Cygnus. The bright nebulowity 18 evidently dusty material surrounding the stars
which lighten 1t up. The dark streaks and spots, though they look small, are due to
immense opaque clouds of dust which hide the bright background from us. The
bright patches are probably due to nebulous matter i1llummated by stars within at.
Puzzle: Find the pelican. This photograph was taken with the 100-inch telescope,
and the exposure was four hours and forty-five minutes.

Photograph by Duncan, Mount Wilson Observatory
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Fia. 132. THE *“ DARK BaY  NEBULA

This remarkable object is just south of { of Orion, which is the most eagterly star
1the Belt of Orion. Note tho faint nebulousstreak, or band, running down thie middle
of the photograph, and dividing it into two parts. In the right 1?ortion numerous fuint

stars are visible ; in the left only u fow stars can be seen. Ividently a great dark
cloud cuts off the view of the faint stars on the left, those stars which we see being in
front of the cloud und seen against it as a dark background. The photograph was
taken with the 100-inch telescope, with an exposure of three hours,

Photograph by Duncan, Mount Wilson Qbservatory
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illuminated by stars in the neighbourhood. Above and to the
left is a bright nebula.

Thus we have evidence of the existence of nebulous matter
distributed widely throughout space, mostly in a very rare con-

F1a. 133. THE PLEIADRS—AN OPEN CLUSTER

Six stard are ensily seon on a dark night.  In & 8-inch telescope about a hundred wre
visible, and » photograph reveals many more. Tho brightest star s called Aleyone,
This group 1~ ubout 300 hght-years distant.  Stars down to the thurteenth magnitude
are shown n this photogruph, The part in the fiame 1~ mn Fig. 134,

Photograph by Wallace, Y crkes Obsenatory

dition, though it is denser in some localities. This matter 18
sometimes referred to as * cosmic dust ’ or as ‘ world stuff.’
Now the sun, with its attendant planets and their satellites.
is travelling through space toward the constellation Lyra at the
rate of-about twelve miles per second, and it is quite likely that
during the past ages our system has passed, at different times,

M
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through some of these nebulous masses. This would un-
doubtedly cause variations in the amount of heat received by
the earth from the sun and, as a consequence, changes in the

Fra. 134. THE PLEIADES, ENVELOPED IN NEBUIOUS MATTER

A long exposure photograph reveals the fact that the stars in this group are en-
veloped 1n nebulous matter By means of the spectroscope we ind that the light from
the nebula 1~ just the same us that from the star within 1t, und hence it 13 concluded
that the matter suizounding the star 13 probably u dark cloud which is made luminous
by the hight fiom the <tar within it

Photograph by Barnard, Yerkes Obscriatory

temperature of the earth. These changes may have produced
the glacial periods shown in the records of the rocks.

Clusters of Stars

We have already learned of the little group of stars called the
Pleiades on the neck of Taurus (the Bull). In Fig. 133 is a



CLUSTERS

Fic 135 Pr&ZSEPE (THE BEEHIVE)

In this cluster, which 19 1n the onstellation Cancer, the stars are closer together
than in the Plaades, und they seem to be weparate suns quite free fiom nebulous

surroundings Photograph by Barnard, Yerkes Obseriatory

photograph of it and the surrounding stars. With the naked
eye six stars can easily be seen, while better eyes can see eight.
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Indeed, very sharp eves have seen fourteen, but a photograph
shows about a thousand.

On giving a very long exposure the photograph (Kig., 134)
brings out xomething clse. It reveals the fact that these stars

. Fia. 136. THE GREAT CLUSTER TN HERCULES

Here the stars appear to be gathered mto a grcat globe,  The ~tais are all very
famt, but the mdividual ones can be seen m this photograph.  Many tamter ones are
dimly seen m the bachgronnd.  These globulat elusters are at mmmense distances,
anging from 21,000 to 230,000 hght-years.  This photograph was taken with the 72
mch telescope of the Domimion Astrophysieal Observatory, Cahfora, with an exposure

ot one hour,

Lhotograph by Plas]ctt, 'V idora, Bratish € olumbea

are simply buried in nebulous matter, and, indeed, that all the
space near them is full of it.

There are so many things in the sky which the eye alone cannot
detect—probably more than we can see even with assistance.
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A cluster of stars not quite so open as the Pleiades is shown
in Fig. 135. 1t is called Pracsepe (Bechive). and its position in
Cancer (the ('rab) is shown in the star maps (Figs. 104 and 106).
You can recognize it in the sky with the naked eye, but vou
cannot pick out the separate stars.

The finest clusters are those in which the stars appear to be
packed together into a globular form. About seventy such
globular clusters are known. The most perfeet one in the
northern hemisphere is shown in Fig. 136. 1t is found on the
side of the Flowerpot in the constellation Hercules, and was
refereed to when we were looking at the summer stars (p. 147).
This photograph was taken at the great observatory at Victoria,
British Columbia. and the exposure was one hour.

At the centre the stars are close together, but yvet you can
pick out the individualones.  Farther out many fainter ones are
seen, and if a long exposure is given still more come into view.

This is well shown in the frontispicce.  For this photograph
an exposure of eleven hours was given, spread over three sue-
cessive nights.  The camera was covered during the daytime
and then uncovered again at night. At the centre the star
images merge into one another ; but look at the multitudes
farther out.

How many stars do you think there are in this globular
cluster 2 An attempt has been made to count them.  Having
marked off a certain portion of the cluster, those in it were
counted, and then the total number was estimated.  We are
told that there are upward of 50,000 ! In the photograph they
look close together, but actually cach is at least a million miles
away from its nearest ncighbour—indeed, probably a million
million miles, as the distance of the cluster is estimated at
36,000 light-ycars. Remember, also, that cach is a sun like
our own, perhaps with planets revolving about it. (‘an you
think of a more wonderful object ¢

What are the Stars made of ?

Kinally, consider for a moment what is in the stars.  Though
they are at enormous distances, they are continually sending
forth messages which are carried by means of their light-waves,
and with the assistance of the spectroscope the astronomer can
interpret what they say.

We learn that these millions of suns, scattered throughout
gpace in all directions, are composed of iron, hydrogen, sodium,
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carbon, and other substances which are known on the earth.
All the heavenly bodies are built up from the same materials.
There is a wonderful unity. or oneness, in the entire universe,
and the thought comes to us that it i» constructed according to
a definite, intelligent plan, and we feel that there is an Infinite
Mind behind it and controlling it.

When with the mind’s eye we look out upon the planets revolv-
ing about the sun, and the satellites revolving about the planets,
each following its appointed path and at the same time rotating
on its axis in its own definite period ; and then, looking farther
away, behold the hosts of the stars and the ncbule, almost in-
finite in number, in distance, and in size, but all made of the
very substances which are familiar to us on the carth, some
slight indication of the greatness of the universe is revealed to
us, and we are surely ready to agree with the Psalmist when he
exclaimy, " The heavens declare the glory of God; and the
firmament sheweth his handywork.”
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SOME INTERESTING ANIRONOMIC AL FACTS

I THI SOLAER SYSITAM

I Tt St~ anp ne MooN

GRAVIT
DIAME K] Mas AXURRY Drnstny LhOIATION
N Wk N Mires (Farth 1) (Futh 1) [(Water 1) on A \(ll :‘t;"" ‘;;
Sun Shh OO0 332000 1 300 000 13 245 davs 27
Moon 2 160 I 339 278 '
2 Inr Prasrrs
'A\rn
MEan \ b
SIKFD
Nt “'“:\‘\ TS Divvrrer  VAS horanoy oy
Prr1on ORrprt N Murs (Fath ANIs
M LIONS 1)
[ Mues! Males
| perdy
Macwy 30 S8 days 30 3 100 " S8 davy
\ enus 07 225 22 7 700 08l U ndetermined
I arth 93 365} 181 7918 100 23h Som 40982
Mais 141" 087 15 1215 01l 24h 37m 226~
Jupitar 183 Lit so veus 8 86 720 317 9h 55 m
Saturn 886 295 [ 71500 95 10h 14m
Lranus 1,782 | 84 +4 32 400 1406 10 h
Neptune| 2,793 (lot8 3 31,000 172 19h (1)

': The mean distance of a planet 13 one half the longest lhiameter of its elliptical
orbit

- Lhe true rotation period of the vaith 1s not the ordinary day, which 1s the interval
fiom one noon to the next The sun 18 apparently moving eastward 1n the aky, and the
rotation must be determined from the stars

183
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The NUMBER OF NATELLITES OF FA(H PLANET

NUMBER 0}

Nuvpine o

» » a0
PLANED S TELLITES PLANEL 1 NATELL LS
1
Mercury . . 0 Jupiter . L 9
Venus . . 0 Saturn . . 9
larth, . . | Uranus . . |
Mars . . . 2 i Neptune . . 1

. THE STARS

1. Toe TWENTY BRIGUTEST STARS

Advranged on order of brightness

! 1 VFIOCIT DisTaNt
NAME OF S MAGNITI DE  Myles per | IN LicHI
wecond YEARS

a Cants Majoris (Sinms) . - 108 12 1]
a Carina (Canopus) (S) . . 0-RG ! 18 050
a Centaurn (N) . . . 006 | 20 1
a Lyre (Vege) . . o4 12 26

a Aurige (( «l[n‘”-l) . . 0-21 26 43
a Bootis (Areturus) . . o224 ' 84 i1
B Orionis (Pigel) . . . 0-31 1+ a3
a Canis Mmoris (Procyon) . 0-48 l 12 1o
a Kridani (Achernar) (\) . 0-60 | G 67
B Centauri () . . 086 g1 270

a Aquile (Altair) . . . o-8y 22 16
a Orionis (Bclclgvuw) . . 0-92 14 192
a Crudis (N) . . . 1-06 11 210
a 'Tauri (‘\I(l(-lnu.m) . . 1-06 36 a7
g Gemmorum (Polluy) . . 1-21 18 $2
a Virginis (Npica) . . . 1-21 17 210

a Scorpii (Antares) . 22 11 330
a Piscis Australis (l“umullmut) 1-29 9 21
a Cvgni (Deneh) . . . 1-33 12 650
a Loonis (Regulus) . . 134 I 56

Lieur

(Sun

20
80,000
|
a0
150
oo
17,000
6
200
3000
L
1,200
1,650
00
28
1,500
3,400
13
10,000
70

1)

-3

The names of the stars in Latin are given fiest.  a Canis Majoris is Alpha of
the Gireat Dog, a Carina is Alpha ot the Keel (of the ship of the Argonauts), and

RO Ol

These twenty stavs are usually said to be *“ of the first magnitude,”

they actually differ grm\tlv in brightness,

although

In the last column is given the relative brightness of the star and the sun,

sup, sing them to be placed at the samo distance from the observer.
lll’no letter S indicates that the star is in the southern hemisphere,
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2 NAR DISMITIRS WHICH HAVE BYEN MIASURED

SiAl

B Pesst (Scheat)
a Hocuhs (R Allcth
o Cctr (M)

3oStREAcT PeMEirarters o1 rHr Siars

DIAvEFTFR
oAk N Mites
a Bootis ( \tcturus) 23 (00 000
a Ly (Aldebaan) 33 000 000
a Ormns (Botelzous) 240,000 000
e Seorpn (Antaes) 400,000,000
Cotorr or S1AR witl AR
Fxawin teRe (C)
Bluc white (Belhitin) 23000
White (Sinus) 11,000
Y cllowrsh white (Cano
topus) 7100

The tompodure s m Centignde degrees

Coletr ¢ SiaE WIHH
Iy

Yellow (Capedly)
Oramae (Arcturus)

Yed (Botddoonse)
Decprad (stus b tunt)
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Diavimw
In Mups

1
3,000,000
$H0 000 (KH)
200 000,000

Tesiins
1nRe (C)

), 600
1200
3 O
2000

to chhn o to T ahienhat multiply

by 1o The tempordue as determned from the spectram of the sty not sunply
by 1ts colowr Fhe temporature at the contre ob vsta s very much hazha

4 N\UMBFR OF STARS OF VARIOUS MaeNtenrs

MA N NUMBFR
1 20
2 37
3 189
3 1R}
) 1 820
(1} 5 300

MacNITUM AYRUA]
7 1 Hoo
5 £3,000
9 123 000
10 330,000
1 27 000 000
20 330 000,000

Diffcrent obsarvars difter somewhat i than ostimades

5 'Iuk Viroany o1 Licui

laght travels m 1 sccond 196 000 (morc accurtely 180,284) males

” ”

1 munute 11,000,000 mles (nearly)
1 ycar 6,000,000,000,000 miles (nearly)

Lhus | Ilgl’\’t year 6 million million mules
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THE LIFE-cIvING SUN

This scene appearson the golden back of the throne found in the tomb of lut gnkh.
Amen. The kings seated on a cushionud throne, while before him stands his youthful
queen In her left hand she holds a jar of perfume, or ointment, which she 13 gently
applying to the king’s shoulder. From above the sun sends down his hfe-giving rays,
each ending 1n a hand for bestowing gifts The hands before the ku:f and queen hold
the ankh, the symbol of ife, which 18 being offered to them. Behind the king are his
two names, Tut-ankh-Amen and Kheperu-neb Ra  The mscription behind the queen
reads,  The Lady of the Two Lands, Ankh s p Aten, brings much fine o1l to anoint
the King’s crown. May 1t give life eternal and strength unending 1"

Drawn from 6 photograph

VP
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Apawms, J. C., English astronomer (1819
1892), discoverer of Neptune, 122
Albireo, star in Cygnus, 147
Alcor, star in Ursa Major, 140, 156
Alcyone, brightest star in Pleiades, 177
Aldebaran, star in Taurus, 36, 143, 159
Algol, star in Perseus, 149
Almaach, star in Andromeda, 148, 160
Alpheratz, star in Andromeda, 148, 160
Alps, mountains on the moon, 83, 84
Altair, star in Aquila, 148, 184
Andromeda, «onstellation, 141, 148,
160 ; map of, 160; Greek myth con-
verning, 140-141; Ureat Nebula in,
149, 161, 163
Antares, giant star in Scorpio, 148, 184
Apennines, mountains on the moon, 83,

Aquarius, sign ot the zodiac, £3; con-
stellation, 147 (map), 149 (map)

Aquila, constellation, 43, 148

Arcturus, star in Bootes, 145, 146, 184 ;
distance, size, motion of, 146

lander, F. W. A., German astrono-
mer (1799-1875), his star charts, 160

Arided (Deneb), star in (‘ygnus, 147, 184

Aries, sign of the zodiac, 42 ; constella-
tion, 143 (map)

Asteroids, 50; between orbits of Mars
and Jupiter, 124 ; discovery of first,
124; number of, 124; how dis-
covered, 124 ; sizes of, 124; largest
(Vesta), 125

Atmosphere on tho moon, 86 : on Mars,
100—‘1’01

Auriga, constellation, 139 (map), 143
(map)

Aurora, relation to sun- fots, 67

Autumn, stars of, 148-149

BELLATRIX, star in Orion, 167; tem-
ture of, 185 -
t of Orion, 29, 143; * Dark Bay”
Nebula near, 174
star in Orion, 29, 143, 156 ;
:finlnsogar of, 167, 185; temperature
»

Bootes, constellation, 145, 147 (map)

Br{u;llmar, John A., and star distance,

Brooks, W. R., American astronomer,
comet discovered by, 129

CAMELOPARDALUS, constellation, 139
(map) ,

Cancer, sign of the zodiac, 42; con-
stellation, 143 (map), 144, 181

Canis Major, constellation, 143

(‘anis Minor, constellation, 144

C‘apella, star in Auriga, 147, 184

Capricornus, sign ot the zodiac, 43;
constellation, 147 (map), 149 (ma{)

Carbon monoxide in comets, 13

Cassiopeia, constellation, 140; Greek
myth concerning, 140-141

Castor, star in Gemini, 143

Ca::auus, mountains on the moon, 83,

Celestial equator, 29, 30, 41

Celestial pole, 28, 29, 30, 46

Celestial sphere, 21 ef seg. ; viewed from
inside, 137

Centaur, Alpha of the, distance of, 170,
171, 184

Cepheus, constellation, 140; Greek
myth concerning, 140-141

Cetus, constellation, 149 (map)

Chromosphere of the sun, 68

Clusters of stars, 178 ef seq. ; Preesepe,
}4-:,181; Pleiades, 178-180; Hercules,

8

Comets, 48, members of solar system,
127; behaviour of, on approaching
the sun, 127; length of tail of, at
perihelion, 128; Encke’s, 128; st
ﬂ)peamnce of, 129 ; Brooks’s, 129;

orehouse’s, 131; Halley’s, 131;

nature of, 132 ; materials in, 132

Corons Borealis, constellation, 43, 147

Corona of sun, 69-70; shape of, in
relation to sun-spots, 71

Corvas, constellation, 1456 (map)

Coil;;o dust, or fine matter,

space,

187
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Crater, T'ycho, on the moon, 83; others
on the moon, 83 (map); Plato, 84,

(‘rises, Sea of, on the moon, 83, 85

(‘yanogen gas in comets, 132

(‘ygnus, constellation, 43, 147, 148, 172;
Network Nebula in, 167, 168

** DARK Bay ” NEBULA in Orion, 174
Dark markings in the Milky Way, 172-
173

Deimos, moon of Mars, 106

Delphinus, constellation, 147 (map),
149 (map)

Deneb (Arided), star in Cygnus, 147, 184

Dipper (Plough), group of stars, 2¢, 137,
38, 1565 ; stars within the bowl, 150

Dipper, Little (Ursa Minor), 26

Dog Star—uee Nirius

Draco, constellation, 139 (map), 141

Dubhe, star in Ursa Major, 140, 156

EARTH, its rotation shown, 32, 33 ; its
orbit, 43; a planet, 50, 53 ; reason
for believing it spherical, 56, 38, 69 ;
size of, 56 ; relative sizes of the sun
and, 64; relative masses of the sun
and, 67 ; once joined to the sun, 75 ;
relative sizes of the moon and, 76;
relati\ c sizes of Mercury and, 88 ; and
Venus, 89; and Mars, 94: and
Jupiter, 108; and Uranus, 120; and
Neptune, 122; distance between the
sun and, 170, 183

Eclipse calculations, and the spherical
shape of the earth, 59

Eclipse of the sun, how produced, 69-70

Ecliptic, sun’s path in the sky, 40, 41, 43

Eg_iptin.n worship of the sun, 74; of
the moon, 86

Ellipse, 52, 64

Encke, J. F., German astronomer (1791-
1865), his comet, 128

Equator, celestial, 29, 30, 41

Equinox, sun on celestial equator at
time of, 40

Eridanus, constellation, 143 (map)

Evening star, Venus, 88, 91

FacurLa, on sun, G4, 65
Fire-ball, Klepesta's, 134
Fomalhaut, star in Piscis Australis, 149

(GALiLEo, Italian astronomer (1564-
1642), discoverer of Jupiter’s moons,
07

Gemini, sign of the zodiac, 42; con-
stellation, 143

OUR WONDERFUL UNIVERSE

Glacial periods on carth, possible cause
of, 178

Gravity, force of, on Mars, 105

Gireat Bear—wee Ursa Major

(ircat red spot on Jupiter, 110, 112

Great Nquare of Pegasus, 118; stars
within, 150

Guardians of the Pole, 140

Gyro-compass, shows carth’s rotation,
32-34

HawLL, Asaru, American astronomer
(1829-1907), discoverer of moons of
Mars, 106

Halley, Kdmund, Astronomer Royal
(1656-1722), lis comet, 131 ; period
ot the comet, 131 ; its return in 1910,
131

Hercules, constellation, 43, 147;
cluster in, 147, 181

Herschel, Sir William, English astrono-
mer (1738-1822), 116, 117 ; his tele-
scope in 1781, 117; discovery of
Uranus by, 119-120; his other tele-
scopes, 120

Hesperus, evening star (Venus), 91

Hipparchus, Greek astronomer (c. 150
B.0%), 84

Hunting Hounds ((‘anes Venatici), con-
stellation, 163 ; spiral nebulw in, 163 ;
its period of rotation, 163; photo-
graph ot, 164

Hydra, constellation, 143 (map), 145
(map)

star

JupiTER, planet, 48, 50, 53, 183, 184;
greatest of all planets, 107 ; distance
of, from the sun, 107; revolution
period of, 107 ; speed in orbit, 107 ;
moons of, 107, 109-111 ; flattening of,
108, 112 ; diameter of, 108; rotation
period of, 108; mass, density, tem-
perature of, 108 ; great red spot on,
110, 112; photographs of the planet,
111, 112

KLEPESTA, J., (‘zecho-Slovakian astro-
Tg;ncr, photograph of a fire-ball by,

i

Lro, sign of the zodiac, 43 ; constella-
tion, 43, 144
Leverrier, U. J. J., French astronomer
1811-77), discoverer of Neptune, 122
Libra, sign of the zodiac, 43 ; constella-
tion, 145 (map), 147 (map)
Light, speed of, 170, 184
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Light-year, 168, 184

Little Bear (Ursa Minor), constellation,
26, 140

Lockyer, W. .. 8., English astronomer
(I:l(iﬂ— ), photograph of meteor by,
136

Lowell, Percival, American astronomer
(1855-1916), drawings ot Mars by, 98,
99 : drawings of Saturn, 114

Lyra, constellation, 146, 148
Nebula in, 166 ; sun’s apex, 177

Ring

MaGcNETIC sSTORMS, relation of, to sun-
spots, (8

Magnitudes ot the stars, 140, 184

¢ Man in the moon,” 79

Marfak, star in Perseus, 148

Mars, planet, 48, 50, 53, 94, 183, 184;
distance of, from sun, 94 ; revolution
period of, 94 1 speed, diameter, mass
of, M4 ; size of, compared with the
earth, 94 ; opposition of, to sun, 96 ;
markings on its surface, 97 ; rotation
period of, 97 ; seasons of, 97; pole cap
of, 98 ; canals of, 98 99 ; atmosphere
of, 100; atmosphere of, revealed by
photography, 101-103; habitability
of, 104; force of gravity on, 105
moons of, 106

Masses of the sun and planets, 53, 56,
183 ; of the sun and the earth, 67

Merak, star in Ursa Major, 140, 156

Mercury, planet, 48, 50, 53, 87, 183, 184 ;
distance of, from the sun, 87, 170;
Greek myth concerning, 87 ; swiftest
moving of the planets, 87 ; speed in
its orbit, 87: revolution period of,
88 ; diameter, mass of, 88 ; relative
sizes of the earth and, 88 : rotation
period of, 88 ; atmosphere of, 88

Meridian plane, definition of, 142

Meteor, trails produced by, 1352.
also Shooting stars

Meteorites, 136

Milky Way, 49, 143, 147 ; photographs
of, 155 ; dark markings in, 172-173

Mira, star in Cetus, 149

Mirach, star in Andromeda, 148, 160

Mizar, star in Ursa Major, 140, 156

Moon, its daily motion, 22 ; its phases,
23, 70-78; its motion among the
stars, 36 ; and sun, apparent sizes of,
76 ; its distance from the earth, 75;
and earth, relative sizes of, 76 ; its
diameter, mass, 76, 183; crescent
and gibbous shape of, 77 ; influence
of, on the weather, 79; the ‘““termina-

See
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tor,” 81; seas, craters, rays, moun-
tains of, 83 ; shows the same face, 84 :
librations of, 85 ; worship of, 85; a
dead world, 86 ; no atmosphere, 86

Moons of Mars, discovered by Hall, 106,
184 (table) ; of Jupiter, 107, 109-111,
184 (table)

Morehouse, ). W., American astrono-
mer, his comet, 131

Morning star, Venus, 88, 91

Motion of sun, 21-22, 30 ef seq., 43 ; of
moon, 22, 36 ; of stars, 23-24

NEBULA, Ring, in Lyra, 147, 166 ; Gireat,
in Orion, 158 ; (ireat, in Andromeda,
160; =spiral, in the Triangle, 163 :
spiral, in the Hunting Hounds, 163 ;
spiral, seen edge on, 163; *Network,”
in Cygnus, 167; ¢ Pelican,” 175
* Dark Bay,” in Orion, 176

Nebular hypothesis, 126- 127

Neptune, planet, 48, 50, 53, 121, 183,
184 ; discovered by mathematicians,
121, 122 ; distance of, from the sun,
122, 170 ; speed in its orbit, 122 ; re-
volution period of, 122; diameter,
mass of, 122; size of, compared with
the earth, 122; discovery of its
satellite, 122

“Network ** Nebula in C'ygnus, 168

Northern C'ross (C'ygnus), constellation,
147

Oprrucnrs, constellation, 147 (map)

Opposition of a planet to the sun, #6

Orion, constellation, 29, 43, 49, 142, 143,
157 (map) ; Belt of, 29, 143 ; number
of stars in, 152 ; Gireat Nebula in,
159

Praasts, constellation, 43, 148 ; Gireat
Square of, 148: stars within the
(ireat Square, 150

¢ Pelican  Nebula, 172

Perseus, constellation, 43, 139 (map),
141; Greek myth concerning, 140-141

Phathon, in myth concerning sih, 41-42

Phases of the moon, how caused, 76-78;
phases of Venus, 89-90

Phobos, moon of Mars, 106

Phawebus, in myth concerning sun, 41

Phosphorus, the morning star(Venus), 91

Photosphere of the sun, 68

Pisces, sign of the zodiac, 43

Piscis Australis,constellation, 147 (map),

49

1
Planetary system, 50-65



190

Planetoids—see Asteroids

Planets, 183, 184 ; distances of, from the
sun, 50 ; comparative sizes of orbits,
B80; orbits are in the form of elli 3
52 ; orbits nearly in the same m,
52; motion in orbits, 53 ; relative
sizes and masses of the sun and, 53, 55

Pleiades, loose cluster of stars, 159, 177 ;
widespread ancient uses of, 160;
number and nature of, 178-180;
nebulous matter about, 180

Plough, group of stars in Ursa Major,
24, 137, 139, 166

l"oligg‘ra. two stars in Ursa Major, 139,

Polar stars, daily motion of, 26, 27, 137 ;
map of, 138, 139: Pointers, 139;
Guardians of the Pole, 140 *

Polaris—see Pole Star

Pole, celestial, 28, 29, 30, 46 ; relation
of, to the earth’s pole, 34

Pole Star (Polaris), 26, 27; rises as
observer travels north, 68; in Ursa
Minor, 140 ; its distance, 171

Pollux, star in Gemini, 143, 144, 184

Prasepe, cluster of stars, 144, 181

Procyon, star in Canis Minor, 144

Prominences on the sun, 68-69; the
“Heliosaurus,”” 68; the *Sun Dog,”
70; substances in, 68; highest on
record, 69 ; visible during echipses, 69

Ptolemy, crater on the Moon, 84

Ra, the E, ian sun-god, 74
Rainbow Bay, on the moon, 84
Regulus, star in Leo, 144, 184
Rigel, star in Orion, 29, 143, 156, 184
Ring Nebula in Lyra, 147, 166
Rt;t;ti;::’n of the earth demonstrated,

Saarrrarivs, sign of the zodiac, 43;
constellation, 147 (map): photo-
graph of stars in, 154

Saturn, planet, 48, 50, 53, 112, 183, 184 ;
distance of, from the sun, 112 ; speed
in orbit, 112; revolution period of,
112 ;" satellites of, 112; diameter ot
ball, 112; rotation period of, 112
density of, 112-113; rings of, 113;
phases of the rings, 114-1156

Scorpio, sign of the zodiac, 42; con-
stellation, 43, 147 (map)

Serpens, constellation, 145 (map), 147

‘th(ol:t.lp) stars, photographic records o
143, 155 ) pmetn o, 184 fFe.

132, 133, 1556 :r'
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ball, 134; fire-ball observed by
Klepesta, 134; by Lockyer, 136;
meteorites, 136

Shg;vera, Sea of, on the moon, 83, 84,

Sickle, group of stars in Leo, 144

Sirius ( Star), in (‘anis Major, 29,
49, 143, 1406, 184 (table); distance
of, 170, 171

Slipher, V. M., American aatronomer,
and speed of nebula, 163

Sol, myth concerning, 42

Nolar system, 48, 50 et seq.; history and
origin of, 126-127; its motion through
space, 147

Solstice, summer and winter, 40

Spectroscope, used in exploring the
edge of the sun, 68 ; shows what is
in the sun, 75 ; reveals the nature of
the stars, 181

Sphere, celestial, 21 et segq.

Spica, star in Virgo, 144145, 184 (table)

Spiral nebule, 163-165

Spring, stars of, 144-146

Stars, their daily motion, 23-24 ; cir-
cumpolar, 27, 28, 137-138; photo-
graphs of trails, 27, 28, 29; change
with the seasons, 43; equatorial,
141; of winter, 142-144 ; of spring,
‘144~146 ; of summer, 146-148; of
autumn, 148-149 ; star maps, 137 et
8eq. ; magnitudes of, 140, 184;
number of, 150, 185; which visible
to naked eye and which jn telewoxe.
150-162 ; distances of, 150, 168-169,
184 ; star clouds, 1565 ; star clusters,
178 el seq,; substances in the stars,
181-182; temperatures of stars, 185

Stonehenge, 37

Summer, stars of, 146-148

Sun, its daily motion, 21-22, 43; motion
in the sky, 36, 37: annual motion,
43; motion apparent, not real, 43;
relative sizes and masses of the
planets and, 53, 55; how to measure
1ts distance from the earth, 60-62;
its distance from the earth, 62, 168 ;
how to measure its size, 62-64 ; its
size, 64; relative sizes and masses
of the earth and, 64, 67 ; faculwe, 64,
656; rotation on its axis, 66-67;
its mass and density, 67; photo-
sphere of, 68 ; chromosphere of, 08 ;
prominences of, 8—69; corona, 60-72;

ces
ecli of, 69, 71, 72; worship of,
&&% ition of, 75 ; * draw-
‘ine ) fe‘;‘
























